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before you panic, get the facts 

Picture yourself in a quiet restaurant with your spouse or friend. Without warning, the peaceful 
atmosphere is disturbed by a loud discussion — its content quite private in nature — from across the room. 
It gets your attention and you find yourself listening. But suddenly you're jolted by an authoritative voice 
directed at you, informing you that you've just broken the law. Your offense: listening to a private conver¬ 
sation. 

That scenario, half-jokingly told to me by Joe Schroeder, W9JUV (see Presstop), has a remnant of truth 
in an analogous situation. There are presently in the works two bills (HR-3378 in the House of Representa¬ 
tives and S-1667 in the Senate) that could make it a federal crime to listen in on certain conversations 
received over the airwaves. 

Before you panic, listen to the following facts. Several voice and data-handling organizations — specifi¬ 
cally the Cellular Telecommunications Industry Association (CTIA), the Electronic Mail Association, Telo- 
cator, paging, and video conferencing industries — do not want their communications intercepted. Sounds 
reasonable enough. The problem, as I see it, is in their methods. These groups are lobbying (quite strongly, 
I might add) for Congress to pass what is now known as the Electronic Communications Privacy Act of 
1985, which would prohibit anyone in the United States who has a general coverage receiver or similar 
type device from listening to transmissions at will. If, for example, you inadvertently tuned your receiver 
or scanner across a cellular phone conversation and continued to listen, you'd be breaking the law. 

The problem is not the desire of these industries to protect their customers' privacy, but their assump¬ 
tion that the general public should be asked to forfeit its right to listen to radio transmissions without 
restriction. 

What about us Radio Amateurs? Aren't we excluded from this situation? Yes and no. In preliminary hear¬ 
ings, six broad categories — including Amateur Radio — were considered. But when the subject of Ama¬ 
teur autopatches came up, an initial response from one of the subcommittee members was that since the 
telephone is involved, reception of these types of transmissions might not be part of the exclusion. 

Keep in mind that both the House and Senate subcommittees drafting this act — which, incidentally, 
may turn out to be the single most important piece of legislation affecting us since the 1934 Geneva Radio 
Convention accords — are still in the preliminary phases of the project. This is the time to let your senators 
and representatives know that you're very interested in these bills even before they come out of the Senate 
and House subcommittees.* You want your representatives to acquire the facts and understand your con¬ 
cern about potential encroachment on and abridgement of your operating privileges. It might not hurt for 
you to remind them of the helpful services Radio Amateurs have provided and will continue to provide 
to the public in emergencies — without desire for or expectation of recompense. It would be nice to leave 
them with some positive suggestions that they could take to the subcommittees drafting the legislation. 

The problem, as mentioned before, is one of fear: people in the commercial communications industries 
are concerned about possible interception of their signals. But as foolish and unworkable as it would be 
for the "authorities” to tell all the clients in the hypothetical restaurant scene to close their ears, so would 
it be for the government to tell radio owners what kinds of transmissions they should or should not listen to. 

What would make more sense would be for the cellular and other voice and data-handling organizations 
to utilize some form of encryption — be it non-standard forms of modulation, tone insertion, inversion, 
or coding. The necessary technology exists, and one application of it is in daily use in police departments 
across the country. Otherwise, just imagine a scene in a penitentiary, wherein one pathetic soul is asked 
by his cellmate, a thrice-convicted murderer, what his crime was.. .and the poor soul replies, with great 
timidity, that he was caught listening to a radio transmission. 


Rich Rosen, K2RR 
Editor-in-Chief 


*ln the House of Representatives, the Subcommittee on Courts, Civil Liberties, and the Administration of Justice; in the Senate, 
the Subcommittee on Patents, Copyrights, and Trademarks. 
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de W9JUV 


A SERIOUS POTENTIAL THREAT TO ESTABLISHED AMATEUR RADIO PRACTICES may be developing 
,as the "Electronic Communications Privacy Act of 1985" moves toward consideration by both 
the U.S. Senate and House of Representatives. The two bills, HR-3378 in the House and 
S-1667 in the Senate, were initially intended to simply make earlier Congressional action 
against wiretapping apply to radio-relayed data transfer. They provided an opportunity 
that was quickly seized by the cellular telephone industry, already deeply concerned about 
the security of its 800 MHz communications as scanners move into the microwave region. 

Although Amateur Radio Is One Service Specifically Exempted , along with fire, police, 
and several others, from the bills' prohibitions against unauthorized "interception," its 
unrelenting "protectionist" character could drastically change, if not prohibit, some 
popular Amateur services. For example, the bills' drafters would apparently characterize 
any "interception" of a radio-relayed telephone conversation by anyone except those 
actually participating as a federal crime — with possibly no exception for Amateur 
autopatches or phone patching! One subcommittee staff member has even been quoted as 
feeling that all Amateur interconnection with the telephone system is possibly illegal. 

Though the Premise Privacy For Radio-Carried Personal Communications — is a 
worthy one, the bills could, in effect, result in a case of classic overkill. In its 
present form, the proposed legislation could, for example, declare vast portions of the RF 
spectrum, including most of the short and long wave bands, illegal territory for the SWL 
or other radio hobbyist — not to mention the tens of millions of scanner owners in the 
U.S. Thus far the League's position has been one of "wait and see," in apparent belief 
that Amateur Radio's "exemption" will be sufficient to stave off any negative effects. 
However, in the absence of strong Amateur representation in protection of current Amateur 
privileges and practices, the bills' impact on Amateur Radio could actually be quite 
severe. 

Amateurs Should Contact Their Senators and Representatiyes and advise them of their 
deep concern for the potential effects of these bills on both Amateur Radio and other- 
citizens' activities. Offers of technical expertise as to the legislation's effects might 
be welcomed by the legislators as well. Be sure to insist that they keep you advised as to 
progress and significant changes as the bills move toward passage. 

RADIOLOCATION HAS BEEN ASSIGNED THE 1900.2000 KHZ BAND , the FCC announced in early 

November, Amateur Radio will, however, continue to share that portion of 160 meters on a 
Secondary basis. Impetus for the shift was WARC '79, which expanded the AM broadcast band 
upward into Radiolocation's former 1605-1705 kHz slot. Though a "Secondary" status means 
Amateur operators must take pains to avoid interfering with operations of the Primary 
user s , 1. he net ef f ec t on Amateur s should be neg 1 i g i b 1 e. 

Users Of Wideband Radiolocation Systems Could Be Licensed on 160 as early as 
December, 1985, but no large-scale movement to their new band is expected until mid-1987 

. and even then usage is still likely to be light and mostly in limited geographical 

areas. 

A CONFERENCE- TO DISCUSS PROGRESS AND PROBLEMS OF THE VOLUNTEER EXAMINER PROGRAM is 

being planned during the Or lando Hamfest., March 7 9, 1986. Sponsored by CARE (Council for 

Amateur Radio Examining), the session will be open to all VECs, VEs, and other interested 
parties whether CARE members or not. Contact CARE for further details. 

CARE: Membership Rates Have Now Been Set , and all who ve requested information on the 

new national VEC organization should have received membership information by now. Dues for 
a VEC organization are *25 per year, while General members (VEs accredited by a member 
VEC) must pay $10 annually. Dues for At-Large members (VEs with accreditation from a 
non-CARE member) and Associates (anyone else) are 115. 

CARE Now Has A Permanent Mailing Address: P.0. Box 866, Glenview, Illinois A0025. 

AMATEURS WHO'VE LOST THEIR LICENSES MAY NOT USE ANOTHER AMATEUR'S STATION for any 
further Amateur operation, the Commmissioners decided in a Report and Order on PR Docket 
85-51. The question had arisen in the case of a former West Coast Amateur whose license 
had been revoked for various violations and who wanted to remain active using friends' 
stations. The ban pertains to any Amateur licensee whose license has been revoked or 
suspended for all or part of the license term, who has surrendered his license for 
cancellation in connection with an action against him, or who is subject to a "Cease and 
Desist" order that relates to his Amateur Radio activities. 

EXTENSIVE RESTRUCTURING OF CANADA'S AMATEUR LICENSING has been proposed by Canada's 
Department of Communications. The new no-code entry-level license would provide full 
privileges above 30 MHz (250 watts maximum) using only commercial transmitting equipment; 
the exam would cover only station installation and operation, very basic theory, antennas, 
find rules. Moving to the second level would require only a 12--WPM code exam and would 
extend the same privileges below 30 MHz. Top level would require passing an exam on 
"advanced electronic theory," then permit using home-built equipment and up to a kilowatt. 
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comments 


Novice Privileges 

Dear HR: 

With reference to T. Dillingham's 
(KA0DOE) comments concerning 
Novice privileges, ("Comments," Sep¬ 
tember, 1985, page 15), it seems 
KA0DOE wants a "reward" for being 
a Novice for six years. This is itself a 
reward, as originally the license was a 
one-year, non-renewable affair, and 
before that, of course, did not exist at 
all. 

I can't believe that anyone who 
aspires to increased operating privi¬ 
leges can't master the skills necessary 
to pursue their interests in a six-year 
period. 

The tone of this letter suggests that, 
for some at least, adding any addi¬ 
tional benefits would only make them 
more complacent, thus defeating the 
purpose. 

Ray Cunningham, W3YBF 
Ambler, Pennsylvania 


Dear HR: 

We are in sorry shape, I fear. A 
casual chat with our Section Manager 
revealed that many Amateurs in 
Nebraska are against the ARRL's 
enhanced Novice Privileges Proposal 


— some adamantly so. If this is true 
throughout the United States, I think 
we have big problems in that I believe 
this is just the attitude that will be the 
death of our hobby. Look at the 
numbers on page 9 of the August, 
1985, issue of QST. The numbers are 
still not in our favor. 

One of the favorite arguments 
seems to be that the bands are crowd¬ 
ed enough already. Oh, really? Has 
anyone tried operating the HF bands 
on a weekday mid-morning? People 
who work nights should be made a 
target of our efforts if there is a general 
feeling that the bands are too crowd¬ 
ed. The bands certainly are not over- 
populated most weekdays. 

Some repeater operators are con¬ 
cerned about losing 220 MHz to 
Novices because they may have to find 
new territory for their control links. 
Yes, there are lots of repeaters...pro¬ 
bably more than we need in many 
areas, although not in Nebraska. But 
if they could take away band privileges 
by state they could easily revoke 220 
here since the control links wouldn't 
even occupy a space of several kHz, 
let alone 5 MHz. We are not going to 
keep the band if we just use it for con¬ 
trol links. We must get more people on 
the band one way or another. A space 
can be reserved for the control links by 
band plan as is done now. Novices can 
respect band plans, too: they must on 
the HF bands, and do. 

As one who acquired Novice 
privileges when phone operation was 
permitted on 2 meters, I see no pro¬ 
blem in once again permitting Novices 
to operate phone. This, as has been 
stated in League literature on the sub¬ 
ject, is even less of a problem now 
since the Novice license is renewable. 
During my term as a Novice, the 
phone privileges were taken away. I 
have often wondered whether this was 
a contributing factor to the seemingly 
low numbers of hams my own age (32) 
and other hams licensed about that 
time (1966) on-the-air. 


It's time to wake up, folks. There will 
still be plenty of room for those of us 
who like to tinker and prefer CW and 
SSB ragchews. But we have a dual 
problem: lack of population on the 
ham frequencies will lead to their loss, 
and ultimately to the loss of the hob¬ 
by; the lack of population will become 
worse if would-be newcomers are not 
interested in joining our ranks. This is 
the only real stab at a solution yet pro¬ 
posed and it appears to be one which 
has been given much forethought. 
Hams spoke out against no-code. Here 
is a compromise. Let's put away pet¬ 
ty differences and get behind it for the 
continuance of our hobby. 

Michael S. Lennen, KD0EV 
Omaha, Nebraska 


to key or not to key? 

Dear HR: 

Print this if you like. It's just for fun. 

To Key or Not To Key 
To key or not to key 
— that is the question. 

Should we drop the code exam? 
Dismiss the simple switch 
Or retain the day when ability 
was reckoned by the fist? 

To master the key 
is to be 
a radioman. 

To scorn the key 
is not 
to be. 

2001 — a CWi odyssey. 

What a sci-fi mode! 

For each Jedi knight, 
a practice oscillator 
was dutifully stowed. 

Even on the Enterprise 
Uhura copied code. 

Does the future hold 
digital radio? 

Eighty-meter beams on 
a chip? 

Or will we turn 'round 
to see 

Digital radio 
to be 
the key? 

Bob Zavrel, W7SX 
Sunnyvale, California 


January 1386 03 9 



a frequency and level standard 


A little black box 
and some digital pulse magic 
produce a frequency-stable, 
high-level generator 


A good RF signal generator needs an effective elec¬ 
trical shield around its generating circuit. Without such 
a shield, it would not be possible to guarantee an accu¬ 
rately determined output level over a wide range of 
frequencies. In other words, the output attenuator 
would lose its credibility.* 

Shielding an RF circuit requires more than just plac¬ 
ing the components behind a metal wall. Leakage and 
radiation will occur from almost anything electrical that 
happens to protrude from the circuit enclosure. Some¬ 
times a rather sophisticated filter system is required 
for stopping the interference that would otherwise 
spoil the output-level calibration, particularly at low 
levels and at high frequencies. 

This shielding requirement is only one reason a good 
RF signal generator is usually an expensive piece of 
test equipment, and difficult to build yourself. For me, 
it was the reason behind the rather unusual design of 
the frequency and level standard, which, of course, 
is just another name for a signal generator. 

design concept 

In principle, the idea is simple. A circuit contained 
in a hermetically sealed box can't have any filter prob¬ 
lems if there's nothing to filter in the first place. That's 
why I thought of designing a signal source without 
external controls, power cable, tuning, or level meter 
— just a box with an output connector. Everything 
except the output is kept inside. 

’That is to say, RF from a poorly shielded generator could combine with a 
highly attenuated signal and provide erroneous results — Ed. 


Thinking a bit further, putting such a drastic princi¬ 
ple into practice was not as easy as it sounds, and a 
few concessions were unavoidable here and there. For 
example, it's difficult to tune an oscillator and to have 
its frequency displayed through a solid shield. Conse¬ 
quently, I had to restrict the output signal to cover only 
a certain number of predetermined frequencies. 

The simplest way to obtain many fixed frequencies 
simultaneously is by adopting the frequency-marker 
principle; that is, by deriving harmonics from a crys¬ 
tal oscillator. This also guarantees good frequency sta¬ 
bility. To keep the many signals separate from each 
other they must be labelled; I gave them, therefore, 
different amplitudes, making them clearly distinguish 
able. This was done with the help of a very elemen¬ 
tary digital processing circuit. 

A simple action — such as flipping a switch — could 
pose a problem if it had to be done through a metal 
shield. But this is also no problem: mercury switches 
mounted inside the circuit can be actuated simply by 
turning the box to a different position. 

The part that needs most switching, the variable 
output attenuator, is kept outside the shielded 
enclosure. This allows the signal generator to produce 
a uniform, but accurate, signal level over a wide fre¬ 
quency range. In fact, it turns out that it's not only 
the generator itself, but also the variable attenuator 
that determines the eventual level accuracy at higher 
frequencies. And the outboard attenuator can be easily 
replaced by an improved version at a later date. 

The cost of the active components (six ICs, includ¬ 
ing the voltage regulator) should come to not much 
more than $3.00. To sum it up, at least for many appli¬ 
cations, the box-with-plug idea works the way I hoped 
it would: as a good signal generator that is neither 
expensive nor difficult to build. 

synthesizer 

Many people who've tried to calibrate a receiver fre¬ 
quency scale using a frequency marker have had the 
experience of being confused by the different, but 

By Hans Evers, PA0CX, Am Stockberg 15, 
D-5165, Hurtgenwald, West Germany 
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look-alike, signals. It is therefore an advantage to 
introduce signals that belong to a different order in 
the spectrum hierarchy. First the 1-MHz markers, for 
instance, then the 100-kHz markers, and so on. Usually 
this is done by turning a switch. 

To avoid using such a switch, I tried a different 
method. The coarse markers were labelled by 
emphasizing their amplitudes (fig. 1). After frequency 
division of a 1-MHz crystal-oscillator signal, pulses of 



fig. 1. Typical output display spectrum as seen on a frequency- 
spectrum analyzer. Multiples of 100 kHz harmonics have sig¬ 
nal strengths corresponding to the standard S3. The MHz 
markers are about 20 dB stronger; the 10-kHz markers are 20 
d8 weaker. 


different lengths arrive at the NAND gates. The 
product is used to interrupt the stream of 1-MHz 
oscillator-output pulses at regular intervals by longer 
or shorter spaces (fig. 2). 

The underlying mechanism that produces the differ¬ 
ent phenomena may be easier to understand when you 
realize what the pulse sequence would look like if the 
polarity had been reversed. Tuned circuits in a receiver 
recognize certain patterns in the stream passing by and 
therefore respond to certain rhythms. Thus, for exam¬ 
ple, the one-pulse space in the otherwise steady flow 
of 1-/iS (1-MHz) pulses represents, in fact, a pulse of 
relatively longer duration. If such an event occurs regu¬ 
larly every 10 /is, it is capable of causing a response 
in a circuit tuned to a multiple of 100 kHz (being the 
repetition rate of the space). 

The reason amplitudes of the 1-MHz markers stand 
out from the rest is not difficult to see. The train of 
1-/<s pulses with each 10th pulse removed produces 
more energy in a circuit tuned to a 1-MHz multiple than 
to one tuned to a 0.1-MHz multiple (where, at the 
same time, the circuit has to manage with only one 
out of ten pulses). 

The two-pulse spaces responsible for the 10-kHz 
markers (occurring every 100 /isl produce energy that 
must be shared over 100 times as many signals in the 
frequency spectrum. This explains why the 10-kHz 
markers are so much weaker than the others. Of 
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fig. 2. Method by which the frequency spectrum is synthesized by creating patterns in a digital pulse sequence. 
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PULSE SHAPER 
AND OUTPUT STAGE 



fig. 3. Schematic diagram. The entire circuit, battery included, is contained in e closed metal box which is electrically 
connected to the circuit ground only through the coaxial cable to the output connector at point A. U1 and U3 7400: U2 
74SOO; U4 and U5 74SL90. 


course, all this tampering with pulses makes the total 
architecture rather complex. It is, therefore, not sur¬ 
prising to find that there's a practical limit to where 
the results remain acceptable, and where further 
refinements would create a less orderly spectrum. 
What happens is that if the mixture of pulses and 
spaces in between gets too complex, less-wanted pat¬ 
terns become recognizable. This results in poorly 
determined amplitudes. Therefore only the 100 kHz 
position (only multiples, all with identical amplitudes) 
should be used as a level standard. The spectrum- 
analyzer pictures show how the amplitudes tend to 
become irregular as the frequency spectrum becomes 
more complex. 


Thus the imperfection is not so much the result of 
what a typical analog thinker (as many Radio 
Amateurs appear to be) might suspect: the wiring. 
Digital circuits are remarkably tolerant of construction- 
related problems such as breakthrough or crosstalk — 
and, for that matter, of poor layout, messy wiring, and 
horrible-looking breadboard creations. What is also 
appreciable is that from .the synthesizer output on¬ 
ward, only the absolute amplitude may change. The 
amplitude ratios between the different orders of fre¬ 
quency, once they have been encoded into a digital 
pattern, are not likely to be changed by following 
wave-shapers, amplifiers, or other analog circuits. 

Figure 3 shows the circuit as it was eventually 
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adopted; fig. 4 shows the socket connections of the 
ICs. Note that an electrolytic capacitor is provided at 
each individual 1C for additional voltage protection. 

Figure 5 shows an oscilloscope display of a detail 
from the synthesizer output pattern showing some 
1-pulse spaces (indicated by A) responsible for the 
100-kHz signals, as well as the 2-pulse spacing (B) that 
produces the 10-kHz markers. Figures 6, 7, and 8 
show the different frequency spectra that are created 
by the pulse patterns given in fig. 2. 

output stage 

The output stage consists mainly of a pulse shaper, 
or "harmonic producer,” based on the fact that the 
shorter the pulse duration, the more frequencies are 
produced, and consequently the frequency spectrum 
will be wider and the harmonic amplitudes more uni¬ 
form, though lower. 

How short should the pulse duration be for obtain¬ 
ing a reasonable compromise between frequency 
range and output level? For lack of more specific 
information in the otherwise plentiful literature on fre¬ 
quency markers, I investigated a few circuits I found 
in Amateur Radio publications. 

The output of a 7400-type NAND gate turns out to 
have an impedance of about a few hundred ohms and 
could, if necessary, be safely connected to a 50-ohm 
load. (The 1C would even survive a full DC short from 
its output terminal to ground, if it ever came to that.) 
However, to permit a proper match into a 50-ohm 
device, such as an attenuator, a small network is 
inserted. This also permits an increase in frequency 
response at the high-frequency end of the spectrum. 

Figure 9 illustrates some of the networks that I tried. 
Note the important improvement by the one shot in 
fig. 9B. This simple circuit turns out very short pulses 
indeed. In this circuit, the last NAND gate receives the 
pulse directly at its top input. The pulse is inverted at 



The frequency and level standard outside its enclosure. Nor¬ 
mally the entire circuit, power supply, and all control elements 
are inside the black metal box; thus all RF leakage is elimi¬ 
nated without the need for any filtering. 



the bottom input, and is delayed only by another 
NAND which acts as the inverter. As the output of 
a NAND gate is low only if both inputs are high, the 
total effect could perhaps be compared with letting 
a signal rush through the circuit, and immediately slam 
the gate shut behind it, chopping its tail. Thus, using 
an ordinary 7400, all output pulses have a duration that 
can't be longer than about 10 nanoseconds, the delay 
time of the inverter. The circuit produces adequately 
short pulses for creating a reasonably flat frequency 
response that covers all HF bands, requiring only a 
slight correction. 

The 7400 also exists in a more than three-times-as- 
fast Schottky version, the 74S00. This device produces 
even shorter pulses and makes it possible, at least with 
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fig. S. Synthesizer output signal as displayed on oscilloscope. 
At A one pulse is inhibited, repetition rate 10 /is. At B two 
successive pulses are inhibited, repetition rate 100 ;is. 

some correction again, to create a flat response that 
comfortably includes the 2-meter band. At the time 
the spectrum (which starts to roll off at 160 MHz) 
reaches 400 MHz, the amplitudes have dropped by 
about 15 dB. This would still make a good frequency 
marker for the 70-cm band. 

In the final circuit (fig. 3) an extra 50-ohm, 6-dB 
attenuator is inserted. This puts the output level at 
-73 dBm and provides isolation between the 
frequency-correcting network and a possible capaci¬ 
tive load at the output connector. 

The -73 dBm level was chosen for a good reason. 
It allows sufficient compensation of the frequency 
response for including the 2-meter band. It also cor¬ 
responds with the lARU-recommended S9 level at HF 
bands. By leaving the output unterminated, the open- 
circuit output voltage produced by every multiple of 
100 kHz [100 kHz position) is 100 n V, or S9 at the 
high-impedance input terminal of an HF receiver. Ter¬ 
minated into a 50-ohm receiver antenna input, the vol¬ 
tage drops to the lARU-recommended 50 /A/. 

Once the receiver S-meter has been calibrated for 
this level, the other S-points are easy to determine by 
halving the voltage for each lower S-point on the scale. 
To put it more practically, each S-point change in level 
corresponds to 6 dB. Just a few examples: S8 = - 79 
dBm, S3 = - 109 dBm. 

Somewhere in the last NAND lies the borderline 
between the digital and analog sections of the circuit. 
From this point onward, carefree wiring concepts are 
better abandoned. The resistor network between the 
NAND and output connector requires careful layout 
consistent with good VHF practice. The resistors are 
best mounted free from each other and from other 
components, and with their wires as short as possi¬ 
ble. Printed-circuit technique is not recommended 
here. 

The shield box is electrically insulated from the cir¬ 
cuit ground except at the output connector, through 
the coaxial cable. 

oscillator 

Experimenting with ICs of the 7400 series, one may 
find that the different blocks, with their low input and 



fig. 6. 100 kHz position. Top: typical segment of output fre¬ 
quency spectrum as displayed on spectrum analyzer. Each 
signal frequency is a multiple of 100 kHz and has a level of 
- 73 dBm +1.5 dB, up to at least 30 MHz. Bottom: spectrum 
displayed over full usable frequency range. Although signals 
are no longer individually distinguishable, the display shows 
signal levels within ±2 dB up to 160 MHz. 



fig. 7. Position: 1 MHz + 100 kHz. Spectrum of 100-kHz 
marker signals, with 1-MHz marker amplitudes emphasized 
by approximately 20 dB. 

output impedances, aren't the ideal elements for build¬ 
ing a crystal oscillator. If the crystal isn't very active, 
the oscillator won't work. Nevertheless, the reason for 
using this circuit is that the NANDs — four of them 
combined in one 1C — happened to be available, and 
they draw supply current whether they are used or not. 

If the circuit doesn't work, it may well be possible 
to wake up a lethargic crystal by using different values 
for the resistors and capacitors in the oscillator circuit. 
However, it's also possible to overdo it, causing the 
oscillator to produce parasitics. In case of persistent 
recalcitrance, any other oscillator using one or two dis¬ 
crete transistors may do the job just as well, consum¬ 
ing only a few milliamperes of extra current. 
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10 kHz markers 


FREQUENCY (MHz! 


fig. 8. Position: 1 MHz + 100 kHz + 10 kHz. Spectrum is 
shown with all markers in operation. 


power supply 

One disadvantage of the closed-box technique may 
be that it doesn't leave much opportunity for monitor¬ 
ing the battery-supply voltage. That's why a voltage 
regulator, supplied by a battery that has some voltage 
to spare, is incorporated. The 9-volt battery can be 
drained to the point at which its actual voltage drops 
to 6.4 volts before the regulator gets in trouble trying 
to keep up its 5-volt output Ithat is to say, this is what 
I found; the 78L05 specifications state a minimum in¬ 
put voltage of 7 volts). As soon as the regulator out¬ 
put becomes affected, the RF output level of the total 
circuit becomes unreliable. Responsibility for this is 
mainly the last NAND in the output stage, producing 
pulses with lower amplitude and consequently less 
energy. 

The problem of the aging battery is solved by apply¬ 
ing a form of euthanasia. The "signal killer" circuit is 
based on the principle that it is better to have no sig¬ 
nal at all than one on which you cannot rely. As soon 
as the battery drops below 6.4 volts, the RF output 
signal is cut off abruptly (fig. 10), before it can cause 
incorrect'test results. This is done by blocking a NAND 
in the main signal path through a NAND inverter and 
a transistor. 

When the appropriate moment arrives, the act is 
performed swiftly, even in case of a very slowly deteri¬ 
orating battery voltage. The threshold is set by poten¬ 
tiometer R1 (fig. 3) to make the RF output signal dis¬ 
appear just before a reduction in amplitude occurs. 

Because an output signal that suddenly disappears 
can be disconcerting, I found it useful to provide a 
means of alerting the user to the imminent demise of 
the battery. If the box fails to deliver its output signal, 
just turn it to the position 1 MHz + 100 kHz + 10 
kHz. If only the 10-kHz markers are still present, this 
is a sign that the malfunction of the generator is the 
result of too-low battery voltage, and that there’s no 
reason to expect anything worse than having to 
replace the battery. 


® 

1/4 


7400 



OUTPUT -20 











tOO/iV 0 

over 50 ottms 
terminated 


t *10 200 

t (MHz) 


fig. 9. Examples of output-stage configurations and the 
effect on the frequency response. In all cases the output 
is terminated in 50 ohms. 
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fig. 10. RF output as a function of battery voltage. An 
unnoticed drop in RF output level, resulting from an 
exhausted battery, is made impossible by the action of 
a "signal killer." 


The battery is normally switched on and off by a 
mercury switch, a miniature glass bulb in which a 
droplet of mercury makes contact between two wires, 
depending on the position of the device. With some 
three-dimensional imagination, it's not difficult to see 
how, using a switch, a circuit can stay switched on 
at a maximum of three different positions of the box. 
This is done by mounting the switch in the circuit wir¬ 
ing at an oblique angle with respect to the three axes 
of the box. Similar switches are used for switching the 
1-MHz and 10-kHz markers. 

If mercury switches are difficult to obtain, it 
shouldn't be difficult to think of something else, such 
as one or more reed switches and a movable magnet, 
for example. Another method would be to use a steel 
ball (a ball bearing, for example) that can roll around 
inside a little plastic box with contact wires, or in a 
little box made of printed-circuit board (fig. 11). 

The total battery consumption at 9 volts is about 
43 mA with all markers operational, or about 36 mA 
in the 100 kHz position. 

attenuator 

The type of outboard step attenuator shown in the 
photograph has been described already in many 
Amateur publications. In this case, miniature toggle 
switches and 1 /4-watt carbon resistors are used. The 
resistors are mounted on the solder lugs of the 
switches, with their leads kept as short as possible. 
For the rest of the wiring, copper braid (taken from 
thin coaxial cable) is used, soldered over the full length 
of the solder lugs. Braid is not essential insofar that 
it doesn't seem to extend the flat portion of the fre¬ 
quency response; however, I found that it can give 
a considerably smoother result at VHF. 

Production tolerances in the resistor-manufacturing 
industry appear to have greatly improved over the last 


8 




fig. 11. Substitutes for a mercury switch showing sug¬ 
gestions for an inclination switch using a steel ball. In 
position sketched: a-a' closed contact, b-b' open 
contact. 


decade. At one time, a 10-percent resistor was almost 
bound to show a tolerance between 5 and 10 percent. 

Today it's not unusual to find that ordinary 10- 
percent resistors are in fact not much more than 2 per¬ 
cent off the mark. And as more accurate ohmmeters 
become available to Radio Amateurs, it's no longer 
difficult to obtain reasonably precise resistors. 

The required values for the attenuator are obtained 
by parallel combinations. In each combination it is 
mainly the lower-value resistor that is critical and which 
should preferably be within 1 to 2 percent. (Tolerances 
of resistors are like those of voltages, and the same 
rule-of-thumb applies: for small variations, each per¬ 
cent corresponds to 0.1 dB.) Alternatively, each com¬ 
bination should be brought as close as possible to the 
ideal value by selection and trial and error, using an 
accurate (digital) ohmmeter (fig. 12). 

Most descriptions of this type of step attenuator 
remain rather vague about the performance, particu¬ 
larly at higher frequencies. Therefore, fig. 13 may be 
of interest, because it shows the test results of this 
home made attenuator, built with no particular care 
other than ordinary construction techniques. The 
device is accurate within 1 /10 of a dB or thereabouts, 
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parallel nnttoi P 
•deal practical 

1 dO B69.fi IK//6 8K 

2 dO 436.3 I70//6.6K 

3 da 392 4 J301/2. IK 

6 da rso.-i rso 

to dO 96 25 I0O//2.7K 

20 dB 61.10 6B//560 


tarint uttuor S 
Ideal practical 

5.765 C.8//39 

11.62 12/f3a0 

17.62 J 6//07O 

J7.J5 39/1820 

/MS S7.7360 

247 S 270»7 7K 


fig. 12. Design parameters of toggle-switch attenuator with standard-value resistors. Practical column lists parallel com¬ 
binations that most nearly meet ideal values. (All values in ohms.) Note: // means placing the two resistors in parallel. 


up to 65 MHz; that is, as accurate as the resistors could 
be selected with the available DC ohmmeter. 

Figure 13 also shows the reason for the apparent 
reluctance to publish test results: at VHF precision 
tends to become questionable. Nevertheless, the gen¬ 
eral performance is still within the tolerance of the sig¬ 
nal generator, about +1 dB uncertainty at 144 MHz. 

That the discrepancies are mainly the result of the 
many twists and turns in the signal path through the 
switches is also clearly demonstrated. Even with all 
attenuators in the OUT position (0 dB), the wavy 
character of the curve remains. This gives hope; it's 
not impossible that (cheaper) slide switches and N- 
type coaxial connectors would make an improvement 
on VHF. 

calibration 

The accuracy of the frequency can be checked and 
corrected by adjusting the oscillator trimmer while 
comparing a signal with one of the short-wave stan¬ 
dard signals such as WWV in the USA, or GDF in 
Europe. Because the circuit doesn't contain any vari¬ 
ables in the form of tuned circuits, the output level 
of -73 dBm should be fairly easily reproducible for 
HF by using the components as described. Up to, say 
30 or 40 MHz, the frequency response should remain 
flat within reasonable limits, even if the output trim¬ 
mer is simply replaced by a 10 pF fixed capacitor. 

In the multitude of standard-size 100-kHz harmonics 
there appear to be two exceptions where the ampli¬ 
tude seems to behave a bit freakishly: at 100 kHz itself 
and at 1MHz. I found relative levels of -4dB and - 10 
dB, respectively As yet I have no fully satisfactory 
explanation to offer for the phenomenon; it’s difficult 
to speculate to what extent these findings may be typi¬ 
cal for the circuit. 

The output can be calibrated by comparing the level 
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T.V.I. problems? 


Low pass T.V.I. filters from 
Barker & Williamson 



Modol 

Frequency 

Powor cuf Off of Maximum Minimum 
Wafts) Frequency AHtmuallon Attenuator 

Frequency 

Range 

Price 

RIO/1500 

1Q0G 

34 MHz 

5? MHz 

70 db 

1.8 30 MHz 

$29.50* 

ruo/too 

100 

44 MI-12 

5/ MHz 

60 db 

18-30 MHZ 

$22.50* 

R.O/15G0 

1000 

55 MHz 

63 MHz 

70 db 

6 meter 

$36.00* 

FL6/1Q0 

100 

56 MHZ 

63 MHZ 

50db 

6 rriefet 

$25.00* 


All above to match 
50 ohm transmitters 
and antennas, 


‘Add $2 shipping 
and handling 


All OUR PRODUCTS MADE IN USA 

BARKER ft WILLIAMSON 

Quality Communication Products Since 1932 

At your Distributors write or call 

10 Canal Street. Bristol PA 19007 hkh 

(215) 788-5581 SIS 


of one of the 100-kHz harmonics (except at 100 kHz 
and at 1 MHz) with that of a signal from an RF gener¬ 
ator with a reliable output attenuator, using a radio 
receiver as a frequency-selective balance detector. A 
signal-strength meter is not absolutely essential. By 
comparing two beat tones, one immediately after the 
other, providing that they both have the same pitch, 
one should be able to match levels well within 1 dB. 

However, a professional RF signal generator could 
be difficult to procure, and for the average Radio 
Amateur a more common audio generator might be 
more easily available. Audio levels are more accurately 
determined using an audio voltmeter or an oscillo¬ 
scope. Most audio generators cover 200 kHz, and a 
level comparison could be made on a long-wave radio 
receiver, using an audio meter or the human ear. After 
all, the 200-kHz harmonic is just as strong as any other 
harmonic in the entire HF spectrum of the generator 
and, even if it sits at an extreme end of the range, it 
provides a perfectly typical specimen upon which to 
base the level calibration. 

In case level corrections appear to be necessary, the 
resistors in the attenuator between output trimmer and 
coaxial cable can be replaced to change the 6-dB 
attenuation into a different value. Figure 13 supplies 
the data. 
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Turn Your Antenna Into 
Several Antennas! 

With the “Old Reliable" W2VS antenna traps 


Traps Needed tor a Multi-band: 

A pair tor every band — 
except lowest frequency 


Special wire length data is shipped with your trap order Get rid of the "antenna 
farm" and put all your favorite bands on one antenna. 



Exclusive! 
Straps for user 

Model 

Resonant 

Meters 

at MHz 

fine tuning 

KW-10 

10 

28.675 


KW.12 NEW 

12 

24.950 

<• 

KW-15 

15 

21.275 


KW-20 

20 

14.175 


KW-30 NEW 

30 

10.125 


KW-40 

40 

7.250 

KW-80CW 

80CW 

3.625 


KW-80F 

80F 

3.875 



"One River" 



Need customized traps lor a special frequency? 
Now you can get them! Add 30% to standard price. 

FREE catalog PC/84 describes a complete line 
of baluns, remote antenna relays, and antenna 
traps in the 10-60 meter band. 


At your local dealer 
If not order direct 

Only S36.00/pafr, SI 8.00 each 

Tux & UPS Shipping Included 

How many? (1 = a trap, 2 = a pair, etc.) 

_KW-10_KW-1 2 _KW-15 _KW-20 

_KW-30_KW-40_KW-80CW_KW-80F 

Order Totals_ 

□ Send free catalog PC/84 

Name. -s-«-=-=/; ^ ■—- 

Address __ 

City ___ State _ Zip _= 

Phone ( )_ 


□ AmEx I 

Card #__ i_ 

Valid (AmEx) 


3 VISA 


Mastercard 


Valid (AmEx) _ Expires- 

□ Cheek LI Money Order 
T° ORDER or request free lull line catalog of 
baluns, antenna relays and antenna traps, call 

1-800-523-0027 

24 HOURS—7 DAYS A WEEK! 

NY/HI/AKfGAN residents please use coupon 
or call collect 315-437-3953, 8-5 EST 

1 week delivery lor credit card 

2 weeks lor personal check. 

60 DAY MONEY BACK GUARANTEE 

UnadlllalReycellnllne 

Division ol Microwave Filler Company, Inc. 

6743 Klnna Street. East Syracuse. NY 13067 HR 
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PC/XT™ COMPATIBLE COMPUTER 


ARE YOU LOOKING FOR AN IBM COMPATIBLE COMPUTER? 

DO YOU KNOW WHAT COMPATIBLE WILL MEET YOUR NEEDS 
NOW AND IN THE FUTURE? ARE YOU CONFUSED? 

THE FIRST THING TO CLEAR UP IS THE QUESTION OF WHAT 
COMPATIBIUTY REALLY IS. YOU PROBABLY THINK THAT ALL 
COMPATIBLES ARE THE SAME. WELL LET ME TELL YOU THAT 
THEY ARE NOT. SOME OF OUR COMPETITORS HAVE THEIR 
OWN DEFINITION OF COMPATIBILITY, SOME MACHINES ARE 
HARDWARE COMPATIBLE AND SOME ARE SOFTWARE 
COMPATIBLE. VERY FEW ARE BOTH, OUR UNIT WAS 
DESIGNED TO MEET IBM SPECIFICATIONS SUCH AS B08B CPU 
I35W POWER SUPPLY, B EXPANSION SLOTS, 25GK RAM, 
OPTIONAL 80B7 CO-PROCESSOR 10 OR 20 MEGABYTE HARD 
DRIVE ENHANCED VIDEO FOR HIGH RESOLUTION GRAPHICS. 

STOP IN FOR A FREE TEST DRIVE AND BRING ANY SOFTWARE 
OR HARDWARE YOU MAY HAVE TO TEST OUR SYSTEM. 



FEATURES 

PROCESSORS 

MEMORY 
DISK STORAGE 
DISPLAY 

KEYBOARD 


INTEL B0B8 IB BIT 4.77MHZ PROCESSOR 
OPTIONAL B0B7 MATH CO-PROCESSOR 

25BK EXPANDABLE TO 640K 

MAXIMUM 4 3B0K FLOPPY DRIVES 

B40 X 200 BLACK & WHITE GRAPHICS 
320 X 200 COLOR GRAPICS 

IBM STYLE IOB KEYS LED INDICATORS 


$ 699.00 


* 2 DS/DD FLOPPY DISKS 

* 256K RAM 

* COLOR GRAPHICS CARD 

* 8K BIOS 8 SLOT MB 

* 135W POWER SUPPLY 

* IBM STYLE CASE 

* 108 KEY KEYBOARD 

* 90 DAY WARRANTY 


OPERATING SYS IBM PC-DOS CP/M-BB VENIX MS-DOS 
COMPAQUE-DOS COLUMBIA-DOS ETC. 

SOFTWARE RUNS FLIGHT SIMULATOR DBASE ill 
FRAMEWORK SYMPHONY LOTUS 123 
IBM DIAGNOSTICS GW BASIC WORDSTAR 

OPTIONAL 10 OR 20 MEGABYTE HARD DRIVE 


IBM PC IBM XT BHD IBM AT ARE REGISTERED TRADEMARKS OF 
international business machines 


AVAILABLE AT: 

AZOTIC INDUSTRIES 
2026 W BELMONT 
CHICAGO ILL 60618 
312-975-1288 


More Details? CHECK-OFF Page 126 
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a calibrated S-meter 


Meaningful signal 
reports are possible 
— here’s how 

Long ago a wonderful idea emerged that would 
make signal reporting, gain measurements, antenna 
comparisons, and propagation studies as easy as read¬ 
ing, reporting, and comparing meter values. This idea 
came to be known as the S-unit system of signal 
reporting. Sometime later an S-unit "standard" was 
set, in which each S-unit change represented a level 
change of 6dB and S9 was referenced to 50 microvolts 
rms in a 50 ohm system. This standard was straight¬ 
forward and simple. SI was 48 dB below 50 micro¬ 
volts, near the practical lower limit of receiver sensi¬ 
tivity and noise floor. This standard offered the 
Amateur community a method of quantifying signal 
reporting and other useful measurements. Tables 1 
and 2 are included to illustrate the nearly 180 dB of 
dynamic range common in Amateur Radio equipment 
and show where the S-unit scale fits in at the threshold 
of receiver sensitivity.* 

Nearly half a century has passed with very little con¬ 
formation to this or any other level standard. For prac¬ 
tical purposes, the RST system as practiced today is 
a farce — yet it's the most common exchange be¬ 
tween stations. Consequently, meaningless guessti¬ 
mates echo endlessly through the ether, apparently 
for lack of something more meaningful to say. This 
ironic state of affairs is especially troublesome in light 
of the advantages standardization and conformation 
could afford. 

By nature. Amateur Radio is a quantitative hobby 
embracing the technology and science of multiple dis¬ 
ciplines. Why, then, is the basic RST number abused? 

* From minimum discernible signal at the receiver to maximum legal output 
from a linear — Ed. 


The more cynical among us might suggest that we're 
simply locked into a bad habit, or that you must give 
S9 signal reports to get rare QSL cards. There's prob¬ 
ably some truth to the first notion; the second, even 
if true, is a poor reason for general abuse. After care¬ 
ful investigation, however, more subtle reasons 
emerge. The basic problem is simply that modern 
receivers generally do not have calibrated S-meters. 
Standards differ drastically from one manufacturer to 
another and from one unit to another. Most Amateurs 
know their S-meters are probably not calibrated and 
consequently give politely inflated signal reports. 

Receiver manufacturers will respond only to cus¬ 
tomer demand; this is reflected by the multitude of 
"bells and whistles," compact size, and sleek styling 
found in modern Amateur equipment. Because 
Amateurs appear not to care, important specs have 
actually declined over the past several years. Dynamic 
range, on the other hand, has been improved because 
it has received much attention in the literature. 
Amateurs have become aware of this important phe¬ 
nomenon and now often ask equipment dealers 
embarrassing questions. I hope this signals a trend 
toward increased consumer demand for improved 
radio performance rather than for superficial enhance¬ 
ments that may have little or no effect on actual 
performance. 

To be fair, lack of concern from the Amateur com¬ 
munity is not the only reason that receiver manufac¬ 
turers have not offered calibrated S-meters. There are 
real technical problems inherent in doing so. Provid¬ 
ing consistent front end mixer gain over many fre¬ 
quency bands, for example, is a major problem. All 
amplifiers and attenuators ahead of the S-meter cir¬ 
cuit must have identical gain on all bands and frequen¬ 
cies within these bands to assure consistent readings. 
Furthermore, most S-meter voltage sources are de¬ 
rived from the AGC circuit, and the response of these 
circuits varies widely — not only among receiver model 
types, but among individual units of similar types as 

By Robert J. Zavrel, Jr., W7SX, P.O. Box 
24845, San Jose, California 95154 
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well. Table 3 shows the extent of this deviation among 
popular receiver types. 12 3 This unpredictable devia¬ 
tion from receiver to receiver of the AGC voltage 
versus received signal strength represents the most 
difficult obstacle to setting an S-meter standard. The 
first problem can now be solved by broadbanding front 
ends, using flat response mixers, and employing 
modern RF components and layout techniques. The 
second problem has been alleviated with the introduc¬ 
tion of the Signetics NE604, an FM RF integrated cir¬ 
cuit designed primarily for the cellular radio market 
(fig. 1 and 2). 



fig. 1. Pin-out of NE604. 
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Receivers for cellular radio systems require a re¬ 
ceived signal strength indicator (RSSI) function. The 
response of this required logarithmic measurement 
must conform to 3 dB accuracy over an 80 dB dynamic 
range. This function represents an ideal signal source 
for S-meters and other RF measurement equipment 


table 1. Power and voltage levels common to Amateur 
equipment. 


dBM 

power (watts) 

volts (50 ohms) 

+ 70 

10 kW 

707.0 V 

+ 60 

1 kW 

223.0 V 

+ 50 

100 w 

70.7 V 

+ 40 

10 w 

22.3 V 

+ 30 

1 w 

7.07 V 

+ 20 

100 mW 

2.23 V 

+ 10 

10 mW 

707.0 mV 

0 

1 mW 

223.0 mV 

- 10 

100 fiW 

70.7 mV 

-20 

10 

22.3 mV 

-30 

1 nW 

7.07 mV 

-40 

100 nW 

2.23 mV 

-50 

10 nW 

707.0 nV 

-60 

1 nW 

223.0 pV 

70 

100 pW 

70.7 ^V 

-80 

10 pW 

22.3 iiV 

90 

1 pW 

7.07 ^V 

100 

100 fW 

2.23 yS! 

110 

10 fW 

707.0 nV 

120 

1 fW 

223.0 nV 
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table 2. Power and voltage levels for the nine S-units. 


S-unit 

dBm 

volts (50 ohms) 

S9 

-73 

50.0 /jV 

S8 

-79 

25.0 iiV 

S7 

-85 

12.6 ySl 

S6 

-91 

6.3 

S5 

-97 

3.2 pV 

S4 

-103 

1.6 nV 

S3 

-109 

792.0 nV 

S2 

-115 

397.0 nV 

SI 

- 121 

199.0 nV 


such as field strength meters. The NE604 performs this 
function by providing a current source which is typi¬ 
cally sunk through a 100 kilohm resistor (fig. 3). The 
high impedance voltage produced at pin 5 is then 
buffered by an op amp (NE532) to drive a linear ana¬ 
log voltmeter or other suitable display. The DC volt¬ 
age output is plotted against RF level input in fig. 4. 
Responses for unattenuated and attenuated inputs are 
given. 

The RF input to the NE604 can be taken off an IF 
amplifier stage operating up to 15 MHz. The higher 
RF levels associated with the later IF stages make them 
more attractive as drivers for the 604. Very light 
coupling can be employed (3 pF) with these stages 
to prevent any undesirable loading to the receiver IF 
amplifier. Figure 4 shows that the unattenuated ampli¬ 
tude input range for the 604 is about -90 to -10 
dBm. The effect of the fig. 3 input isolation circuit is 
to move the effective range up about 20 dB. Because 
the RSSI function is mode independent, the S-meter 
will function for CW, AM, SSB, or FM. 

A simple LC filter should be placed between the IF 
and limiter stages (pins 12 and 14) to reduce broad¬ 
band noise. Optimum performance of the 604 occurs 
with a 6-volt power supply, but will work over a 4 to 
8 volt range. Supply current is only about 2.5 mA sug¬ 
gesting battery powered operation for both Amateur 
receivers and accurate field strength meters. 

building an S-meter circuit 

As stated earlier, each S-unit represents a 6 dB 
change in RF signal strength. For each 10 dB change 
in RF input, the 604 circuit output will change about 
1 /2 volt. If SI is referenced to the lower limit of the 
604's dynamic range (about 0.3 volts output), then S9 
will be 48 dB higher (about 2.7 volts output.) Each S- 
unit will represent 0.3 volt of output meter calibration. 
A standard linear 0-5 volt meter can be calibrated for S- 
units and "dB over S9." With an 80 dB dynamic range 
and 48 dB difference between SI and S9, 32 dB 
remains for the "dB over S9" calibration. Furthermore, 
the S-meter can also be calibrated in dBm and/or RF 



fig. 3. Complete S-meter circuit. 



fig. 4. Output voltage versus RF level input. 
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fig. 5. Input calibration control. 
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volts. The receiver has now evolved into a valuable 
RF test instrument. 

Because it might overshoot the actual peaks of sig¬ 
nal intensity, an underdamped meter is not recom¬ 
mended for S-meters; critically or slightly overdamped 
meter movement is preferred instead. An LED or LCD 
bar graph would also make a suitable display. Digital 
readout displays are not recommended for S-meters 
because of their inferior peak reading response. 

The RF input impedance at pin 16 is about 1500 
ohms. Other capacitor and resistor values can be set 
for a given IF signal level range, including a potentiom¬ 
eter for a calibration adjustment {fig. 5). Calibration 
consists of placing a 50 microvolt signal at the antenna 
terminal, peaking the response by fine tuning the VFO, 
and adjusting the pot for S9. Correct meter tracking 
will now be automatic. 

This circuit will provide an accurate S-meter read¬ 
ing if certain precautions are taken. Most S-meters use 
the AGC voltage as the control voltage. Although the 
RSSI generated voltage would also be ideal for the 
AGC voltage source, the S-meter linearity would 
require the AGC function to be disabled. Alternatively, 
the meter can be calibrated with the AGC "on". Either 
way, the NE604 will also allow you to know exactly the 


table 3. Tested S9 /.V sensitivity for some popular rigs. 


radio 

S9 {/.VI 

radio 

S9 (,.V) 

FT901 

50 

Omni D 

36 

TS-820 

200 

Triton IV 

20 

SB104 

265 

Atlas 350 XL 

150 

FT301 

95 

FT901 

8 

TS-520 

110 

Argonaut 

10 

FT? 

180 

TS-820 

110 

TS-120V 

180 

FT301S 

30 

TR7 

20 

SB303 

70 

75S3B 

250 

KWM2 

60 

IC701 

20 

FT101E 

10 



fig. 6. Meter zero calibration. 


amount of gain limiting present at any time by compar¬ 
ing the S-meter readings with and without AGC. 
When not using the AGC, any RF or IF gain controls 
must have a "calibrated" position. Furthermore, if gain 
varies with frequency, as in older receiver designs, any 
array of trim pots controlled by the bandswitch could 
be the answer. 

An important feature of this circuit is that relative 
dB measurements will be very accurate even if the 
absolute reading is not calibrated. This is a useful 
practical on-the-air feature for accurate antenna gain 
comparisons. 

Figure 4 shows that the output voltage never goes 
to zero. A meter zeroing control should be easy to 
build with the addition of a few more op amps and 
standard DC offset techniques (fig. 6). 

This is a simple project that can transform your 
receiver into a field strength and RF voltmeter. More 
importantly, it can transform meaningless numbers 
into valuable measurements. 
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passive audio filter design 

part 3: attenuation equalizers 
and driving, terminating audio filters 
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fig. 1. Low-pass attenuation equalizer. 

{A) schematic of equalizer with ideal inductor; 
(S| schematic of equalizer with real inductor. 


Improving the 
response of filters 
constructed with 
low-Q inductors 


In parts 1 and 2 12 of this series, it was shown that 
two effects of using low-Q inductors in a filter are a 
general decrease of the passband response as fre¬ 
quency increases and a roundoff near the theoretical 
cutoff frequency. These effects are most noticeable 
with the responses of sharp cutoff filters, such as the 
elliptic low-pass filters described earlier. To a certain 
extent, these effects can be reduced by adding a high- 
pass filter in series with the low-pass, giving a band¬ 
pass response. 

The classical method of correcting this roundoff of 
the amplitude response (other than by using higher- 
Q inductors) is by using an attenuation equalizer. Do 
not be put off by the name; equalizers are very simple 
and can produce a dramatic improvement in filters with 
low-Q inductors. I will now outline the design of these 
equalizers and show the effect they can produce on 
some of the filters already described. 

low-pass attenuation equalizers 

The schematic of an ideal low-pass attenuation 
equalizer is shown in fig. 1(A), along with equations 

By Stefan Niewiadomski, 29 Mackinley Ave¬ 
nue, Stapleford, Nottingham, NG98HU, England 
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that define the normalized (1-ohm, 1-rad/sec) com¬ 
ponent values in terms of a constant, K. 3 Figure 1(B) 
shows the equalizer with a resistor, R4, added in series 
with LI to simulate the low Q of the inductor used 
in the actual equalizer. The theoretical response of the 
ideal network is shown in fig. 2. 

At zero frequency, the equalizer has no loss. As fre¬ 
quency increases, the attenuation increases, asymp¬ 
totically approaching a finite value of aoo dB at infinite 
frequency. The value of aoo is given by: 

aoo = 20 log K 



FREQUENCY (Hi) 

fig. 3. 0-2 kHz response of 500-ohm, 500-Hz low-pass attenuation equalizer showing simulation results for various values of K. 



where K is the constant used to calculate the com¬ 
ponent values. At the normalized angular frequency 
of 1 rad/sec, the attenuation is aoo/2. 

A low-pass equalizer is intended for use with a high- 
pass filter, constructed with low-Q inductors, to cor¬ 
rect its response near its cutoff frequency. I will use 
the Butterworth 500-ohm, 500-Hz highpass filter 
described previously to illustrate the effects of a low- 
pass equalizer. The normalized equalizer component 
values must therefore be scaled to 500 ohms to match 
the highpass filter. The scaled equalizer will then pre¬ 
sent an impedance at its terminals which is purely 
resistive and equal to 500 ohms at all frequencies. The 
half-attenuation frequency of the equalizer does not 
necessarily have to be equal to the filter cutoff frequen¬ 
cy, but this represents a good starting point. The final. 


30 m January 1986 










scaled values of the equalizer are therefore set for 500 
ohms and 500 Hz. 

Table 1 shows, for six values of K, the 1-ohm, 
1-rad/sec component values; the exact 500-ohm, 500- 
Hz values assuming an ideal inductor; and rounded 
values with a value entered for R4 to model the real 
inductor, LI. These six K's give values of aoo of 1,2, 


3, 4, 5, and 6 dB, respectively, and attenuations at 
500 Hz (for the scaled values) of 0.5, 1, 1.5, 2, 2.5, 
and 3 dB. Component values for the scaled impedance 
and half-attenuation frequency are obtained in the 
same way as for filters,* so the normalized values in 
table 1 can be used to obtain practical values for any 
impedance and half-attenuation frequency. 

Figure 3 shows the simulated response of the 

*See part 1, September, 1985, page 30. 


32 HI January 1986 










500-ohm, 500-Hz equalizer with the rounded values 
and real inductor. Curves are plotted for the six values 
of K tabulated in table 1. For K = 1.122,1.258,1.414, 
and 1.585, good agreement with theory was found, 
the half-attenuation values being 0.5,1,1.55, and 1.85 
dB, respectively. At the maximum frequency plotted, 


2 kHz, the responses flatten out and approach the 
maximum attenuation of 1,2,3, and 4 dB. The curves 
for K = 1.778 and 2.000 show more deviation from 
the theoretical responses, having half-attenuation 
values of 2.7 and 3.25 dB. However, at 2 kHz the max¬ 
imum attenuations of 5 and 6 dB are approached. 



table 1. Low-pass attenuation equalizer component values. 



1 ohm, 1 rad/sec 

500 ohm, 3 kHz 
theoretical value 

500 ohm, 3 kHz 
rounded value 

1 ohm, 1 rad/sec 

500 ohm, 3 kHz 
theoretical value 

500 ohm, 3 kHz 
rounded value 

component 

value 


ideal inductor 

real inductor 

value 

ideal inductor 

real inductor 

Cl 

0,1152 F 

K 

= 1.122 

0.0733 

0.068 

0.2308 F 

K = 1.259 

0.1469 

0.15 

LI 

0.1152 H 


18.33 mH 

18 mH 

0.2308 H 

36.73 mH 

39 mH 

R1,R2 

0.0575 


28.75 

27 

0.1147 

57.35 

56 

R3 

8.668 


4334 

4700 

4.304 

2152 

2200 

R4 

- 


0 

17 

- 

0 

45 

Cl 

0.3482 F 

K 

= 1.414 

0.2217 

0.22 

0 .4647 F 

K - 1.585 

0.2958 

0.27 

LI 

0.3482 H 


55.42 mH 

56 mH 

0.4647 H 

73.96 mH 

68 mH 

R1,R2 

0.1715 


85.75 

82 

0.2263 

113.15 

120 

R3 

2.830 


1415 

1500 

2.0962 

1048 

1000 

R4 

- 


0 

58 

- 

0 

66 

Cl 

0.5835 F 

K 

= 1.778 

0.3715 

0.39 

0.7071 F 

K = 2.000 

0.4502 

0.47 

LI 

0.5835 H 


92.87 mH 

100 mH 

0.7071 H 

112.54 mH 

120 mH 

R1,R2 

0.2801 


140.1 

150 

0.3333 

166.67 

180 

R3 

1 6453 


822.7 

820 

1.3333 

666.67 

680 

R4 

— 


0 

82 

— 

0 

97 
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Having shown by simulation that low-pass equal¬ 
izers can be built with practical, preferred-value com¬ 
ponents, the effect on the Butterworth 500-ohm, 500 
Hz filter will now be shown. 

The schematic of the Butterworth filter combined 
with the low-pass equalizer is shown in fig. 4. Figure 5 
shows the simulated response of the Butterworth 
highpass filter in series with the 500-ohm, 500 Hz 
equalizer. Again, the responses for six values of K are 
shown, as well as the practical response of the original 
filter. How much improvement in the response has 
occurred? 

If we take the difference in attenuation between 1 
kHz and 500 Hz (which should, in theory, be very close 
to 3 dB) as a measure of quality, the improvement can 
be assessed. For the unequalized filter, this figure is 
about 5.5 dB; for the filter with the equalizer of 
K = 1.122 it is about 5.7 dB; with K = 1.414, it is 
about 5.3 dB; and with K = 2.000, it is about 4.3 dB. 
There has been a gradual improvement in the response 
as K increases, but of course the price to be paid is 
a corresponding increase in the 1-kHz (and beyond) 
insertion loss. This loss can be compensated by in¬ 
creasing the gain of the active devices in the audio 
path. With this particular example, however, it is 
doubtful whether the fairly marginal improvement in 
response is worth the extra components required and 
the extra insertion loss suffered. 

highpass attenuation equalizers 

The schematic of an ideal highpass attenuation 
equalizer is shown in fig. 6A with equations for the 


normalized component values. This equalizer has been 
obtained by an identical transformation to that applied 
to a lowpass filter to transform it into a highpass filter. 



table 2. Highpass attenuation equalizer component values. 



1 ohm, 1 rad/sec 

500 ohm, 3 kHz 
theoretical value 

500 ohm. 3 kHz 
rounded value 

1 ohm, 1 rad/sec 

500 ohm. 3 kHz 
theoretical value 

500 ohm, 3 kHz 
rounded value 

component 

value 


idea! inductor 

real inductor 

value 

ideal inductor 

real inductor 

Cl 

8.681 F 

K 

= 1.122 

0.921 

VF 

4.333 F 

K = 1.259 

0.460 

0.47 

LI 

8.681 H 


220.3 mH 

220 mH 

4.333 H 

114.95 mH 

120 mH 

R1.R2 

0.0575 


28.75 

27 

0.1147 

57.35 

56 

R3 

8.668 


4334 

4700 

4.304 

2152 

2200 

R4 

- 


0 

95 

- 

0 

97 

Cl 

2.872 F 

K 

= 1.414 

0.3047 

0.33 

2,152 F 

K = 1.585 

0.2283 

0.22 

LI 

2.872 H 


76.19 

82 mH 

2.152 H 

57.09 mH 

56 

R1.R2 

0.1715 


85.75 

82 

0.2263 

113.15 

120 

R3 

2.830 


1415 

1500 

2.0962 

1048 

1000 

R4 

- 


0 

71 

- 

0 

58 

Cl 

1.714 F 

K 

= 1.778 

0.1819 

0.18 

1.4142 F 

K = 2.000 

0.1500 

0.15 

LI 

1.714 H 


45.47 mH 

47 mH 

1.4142 H 

37.52 mH 

39 mH 

R1.R2 

0.2801 


140.1 

150 

0.3333 

166.67 

180 

R3 

1.6453 


822.7 

820 

1.3333 

666.67 

680 

R4 

— 


0 

52 

- 

0 

45 
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That is, the inductor has been transformed into a 
capacitor, the capacitor into an inductor, and their 
values are the inverse of the original values. Figure 
6B shows resistor R4 added in series with LI, as 
before. The theoretical response of the ideal network 
is shown in fig. 7. This response is the inverse of that 
of the low-pass equalizer. 

The method of calculating aoo is identical to the low- 
pass case, and again the half-attenuation angular fre¬ 
quency is 1 rad/sec. 


Table 2 shows the component values obtained for 
the same six values of K as before. This time, however, 
the values have been scaled to 500 ohms, 3 kHz to 
make the equalizers compatible with the 1-dB/50-dB 
and 0.18-dB/50.1-dB low-pass elliptic filters described 
previously. 

Figure 8 shows the simulated response of the 
500-ohm, 3-kHz equalizer with the rounded values and 
real inductor. Curves for the six values of K are plotted. 
The simulations show good agreement with theory, 
having half-attenuation values close to the theoretical 
values at 3 kHz. For K = 1.122,1.259, and 1.414, the 
curves approach 1, 2, and 3 dB respectively, as ex¬ 
pected. However, for K = 1.585, 1.778, and 2.000, 
the asymptotic values are a little above those expected. 

Figure 9 shows the simulated response of the 
1-dB/50-dB elliptic low-pass filter in series with the 
highpass equalizers of table 2 for the six values of K. 
For these simulations, the equalizer was inserted after 
the filter, but which comes first is not important. The 
practical response of the filter with no equalization is 
also shown, and the progressive effect of increasing 
the value of K for the equalizer can be seen. Only the 
responses up to 3100 Hz are shown, because above 
this frequency they are almost indistinguishable. The 
difference in minimum stopband attenuation between 
the unequalized filter and the filter with the K = 2.000 
equalizer is only about 1 dB. 

As shown in figure 9, the smoothest passband 
response is obtained for K = 1.414. The passband 
ripple up to 260 Hz now meets the design specification 
of 1 dB, with approximately 1.5 dB more loss before 
the design cutoff frequency of 3 kHz is reached. The 
total attenuation difference between 100 Hz and 3 kHz 
is therefore approximately 2.5 dB, compared with ap¬ 
proximately 3.6 dB for the unequalized filter. The 
penalty paid is a decrease in the differential between 
the minimum passband and minimum stopband atten¬ 
uations from approximately 53 dB to approximately 50 
dB. 
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To verify the simulation results, the equalizer with 
K = 1.414 was built and connected to the output of 
the practical 1-dB/50-dB filter. The schematic of the 
combined network is shown in fig. 10. The results are 
plotted in fig. 9 for comparison with the simulated 
response. Very close agreement with the simulated 
response was obtained. In practice, slightly less inser¬ 
tion loss is seen at all frequencies than in the simulated 
response. 

The way in which the highpass equalizer modifies 
the 0.18-dB/50.1-dB elliptic low-pass filter is shown 
in fig. 11. The equalizer component values are those 
shown in tabla 2. A flattening of the passband 
response can be seen, particularly for K = 1.259. The 
equalizer for this value of K was built, placed in series 
with the 0.18-dB/50.1-dB filter and the combined 
response measured. The schematic of the combined 
networks is shown in fig. 12, and the practical results 
are plotted in fig. 11 for comparison with the simulated 
response. Again, good agreement with the simulated 
response was found. The real insertion loss is slightly 
less than expected at all frequencies. 

Ripple in the practical response for the combination 
with K = 1.259 is now less than 0.4 dB up to 2.5 kHz. 
Although this is still more than the theoretical max¬ 
imum for the ideal low-pass filter, it is a considerable 
improvement on the unequalized response (approxi¬ 
mately 1.5 dB). 

driving and terminating 
audio filters 

Whether passive audio filters are incorporated into 
existing equipment or included in new designs, correct 
rect source and termination impedances must be used 
if predictable results are to be obtained. Figure 13 
shows some methods commonly used to interface 
these filters. 

Figure 13A shows a common emitter amplifier that 
uses Q1, which can be almost any commonly available 


transistor. The output impedance of this amplifier is 
equal to the collector resistor, R$, so this should be 
chosen to be the same as the source impedance of 
the filter. The base and emitter resistors should be 
chosen to set the DC voltage at the collector of Q1 
at a value that allows an AC swing compatible with 
the signal level being handled. The output buffer amp¬ 
lifier, Q2, is an emitter follower. The input impedance 
of the transistor in this configuration is very high, so 
the termination seen by the filter is the parallel combin¬ 
ation of R1 and R2. R1 and R2 should therefore be 
chosen to terminate the filter correctly and set the DC 
operating conditions of Q2. If a DC path exists from 
the input of the filter to ground or to the output, then 
the input DC blocking capacitor, C|, will be required. 
If a DC path exists from the output of the filter to 
ground, then Cq will be required. The RC network in 
the supply line prevents any signal coupling from input 
to output through the buss, which would degrade filter 
performance. 

Transistor Q2 can be replaced by an FET stage. The 
termination impedance for the filter will then be pro¬ 
vided by a resistor from the gate of the FET to ground. 

Figure 13B shows an operational amplifier circuit. 
Because the output impedance of an operational amp¬ 
lifier with feedback is very low, the source impedance 
for the filter has to be provided by resistor Rg. The 
termination for the filter is provided by Rj. The feed¬ 
back resistors for the operational amplifiers can be 
chosen to provide any reasonable value of gain for 
these stages. Of course, the techniques of figs. 13A 
and 13B can be combined, and the final configura¬ 
tion can be chosen to make the best use of available 
components. 

You may have noticed that the source and termi¬ 
nation impedances for all the filters previously 
described is 500 ohms, which, of course, is a non¬ 
preferred value, The importance of providing the cor¬ 
rect impedances is often stressed, so how critical is 
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fig. 13. Various methods of connecting an audio filter into the audio path: (4) transistor circuit: (fl) op-amp circuit: and 
(O transformer-coupled circuit. 


this matching? My own experiments have shown that 
the E12 values* of 470 and 560 will give slightly 
increased passband ripple, but not enough to be 
noticeable in practice. One interesting point is that an 
increase in passband ripple, even if it is caused by mis¬ 
matching a filter, tends to give an increase in stop- 
band attenuation (though this is not recommended as 
a method of obtaining better stopband performance.) 

Often the simplest way of adding an audio filter is 
in the low-impedance headphone output of a receiver. 
A method used to couple the comparatively high- 
impedance filter (typically 500 ohms) to the much 
lower impedance audio output is shown in fig. 13C. 
Transformers T1 and T2 have a turns ratio equal to 
the square root of the ratio of the filter and speaker 
or phone impedances. One low-power transformer 


*See Niewiadomski, part 1, September, 1985, page 17. 


suitable for matching an 8-ohm phone output to 500- 
ohm filters is the Mouser Electronics No. 42TU400, 
(8/500 ohm c-t) transformer with PC leads ($1.67 
each). 

mismatched sources 

Though transformer coupling is the easiest method 
of incorporating an audo filter into an existing design, 
it is also the most likely to result in filter mismatches. 
One source of mismatch is that the headphone out¬ 
put of a receiver may come directly from the audio 
power amplifier, which will have a very low output 
impedance — typically less than 1 ohm. The filter input 
is therefore most likely to be driven by a too low source 
impedance. This can be alleviated to a certain extent 
by inserting a low value resistor in series with the con¬ 
nection to the low-impedance winding of T1. A loss 
in signal will result, but it can be compensated for by 
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increasing the volume level of the receiver. Another 
source of mismatch is the speaker or headphones 
themselves, which can often have an impedance 
which varies with frequency, thereby mismatching the 
output of the filter. Additional losses and mismatches 
can occur in the transformers. Despite these problems, 
a filter connected into the output of the average 
receiver will result in a considerable reduction in hiss 
and hum as well as unwanted shifted frequency SSB 
signals, thereby providing a corresponding increase in 
intelligibility. 

significance of passband ripple 

One notable effect on the performance of a filter 
using rounded component values and low-Q induc¬ 
tors is an increase in passband ripple. The question 
that has to be asked, therefore, is whether this is a 
significant effect in practice for a filter used in a radio 
receiver? I will try to answer this question by looking 
for other sources of audio ripple in a receiver and 
assessing what amplitude this ripple might typically be. 

The first element which may introduce any signifi¬ 
cant ripple is the IF SSB filter. Although these filters 
are usually of very high quality (and expensive), they 
typically have a passband ripple of 1-3 dB. This ripple 
value may effectively be doubled if you are communi¬ 
cating with someone using the same model of trans¬ 
ceiver as yours, since the peaks in ripple produced in 
the other station's transmit IF filter will tend to be at 
the same frequencies as in your receive IF filter, and 
vice versa. 


Probably the biggest source of ripple in a receiver 
is the loudspeaker, which inherently has a nonlinear 
electrical power input to sound pressure output char¬ 
acteristic. Typically, a 4-inch loudspeaker in free air 
exhibits a 9-dB ripple from 1 kHz to 3 kHz in its sound 
pressure output. 4 When mounted in a metal case, with 
many cavities formed by metal dividers and printed cir¬ 
cuit boards behind it, even more ripple may be 
produced. 

Another source of ripple is the response of the 
human ear. Experiments performed to measure the 
thresholds of audibility for pure tones 6 indicate that 
the ear exhibits approximately 8 dB variation in the 
range 1 kHz to 3 kHz, being more sensitive at high 
frequencies. 

A similar effect to that caused by the loudspeaker 
response will also be caused by the microphone at the 
transmitting end. I do not have any typical figures for 
this ripple, but it could be similar to the loudspeaker 
value. 

These factors tend to negate attempts to minimize 
the passband ripple of an audio filter in a receiver. In 
this context, I believe that the passband ripple found 
in the filters described here is insignificant for most 
practical applications. Since in many cases increased 
passband ripple can be traded for rapid rolloff and/or 
greater stopband attenuation, advantage should be 
taken of the relative insignificance of passband ripple. 
This trade-off can be seen from fig. 14, in which 
curves of minimum stopband attenuation (A s ) are 
plotted against normalized ripple cutoff frequency for 
5-branch elliptic filters of 0.1,0.5, and 1-dB passband 
ripple. 3 It can be seen that for a normalized start of 
stopband angular frequency of 1.5 rad/sec, an extra 
10 dB of stopband attenuation can be obtained by 
using the 1-dB rather than the 0.1-dB filter. Alterna¬ 
tively, the 50-dB stopband attenuation figure can be 
achieved at 1.42 rad/sec rather than at 1.7 rad/sec 
by using the 1-dB rather than the 0.1-dB filter. Another 
approach is to use a lower-order filter with a higher 
amplitude of ripple for a given application to achieve 
an attenuation comparable to a higher-order filter with 
a lower amplitude of ripple, thereby saving compo 
nents and cost. 

Considerable opportunity for experimentation 
remains on this question of passband ripple amplitude, 
specifically in regard to the point at which the ripple 
amplitude becomes both noticeable and objectiona¬ 
ble, as well as values produced by modern receivers 
and transceivers. 

summary 

In this series of three articles, it has been shown, 
using simulation results, that rounding each compo¬ 
nent of an audio filter to the nearest preferred value 
does not result in a drastic change in performance. 
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Though the results obtained are not as good as with 
the exact component values, they would be indistin¬ 
guishable for most practical purposes. This result in 
itself can considerably simplify the construction of 
filters using high-Q inductors, as exact values of capa¬ 
citors and inductors do not have to be obtained or 
selected. 

When low-Q inductors are used in filter designs, fur¬ 
ther degradation in performance takes place, but again 
acceptable results are obtained. Toko 10RB inductors 
were used in the experiments described here. Very 
small and inexpensive, they allow complex filters to 
be built compactly and inexpensively. 

Several designs of elliptic low-pass filters and one 
Butterworth highpass filter have been described. All 
have been tested and shown to be thoroughly practi¬ 
cal. Construction details have also been provided. The 
results obtained suggest that tables of normalized 
filter designs (which have for many years been used 
only by professionals) can now be used by Amateurs 
with the confidence that near-to-theoretical responses 
can be obtained. It has also been shown that these 
passive filters can be cascaded to form bandpass 
filters; construction details have been provided. 

Attenuation equalizers have been shown to be a 
practical method of improving the response of filters 
constructed of low-0 inductors. These fairly simple 
networks, whose design procedure has been de¬ 
scribed, can be cascaded with the filters described 
here. Simulation and practical results have been 
presented to show the improvements obtained. 

Computer simulation of filters and other networks 
has been shown to be a powerful design aid. As well 
as showing the effects of varying component values, 
simulation also shows that calculations such as scal¬ 
ing to the final cutoff frequency and impedance values 
can be confirmed before any components are bought. 

Some methods of driving and terminating audio fil¬ 
ters have been described, ensuring that the correct 


source and termination impedances for the filter are 
provided. 

Finally, some of the factors that affect the ripple 
amplitude in the audio passband of a receiver were 
discussed. This indicated that efforts to minimize the 
passband ripple of an audio filter can be negated by 
other factors. Therefore, it can be more advantageous 
to trade increased passband ripple for better stopband 
performance at the design stage to obtain improved 
overall performance. 

The experiments have been carried out entirely with 
Toko 10RB inductors, which are very compact and 
inexpensive. Other inductors, such as those manufac¬ 
tured by Dale or Miller, may also be suitable for audio 
filter applications. 

I hope this series of articles has convinced experi¬ 
menters and builders that audio filters can be con¬ 
structed easily, either by using the designs presented 
here or by selecting other designs from tables of nor¬ 
malized component values. With passive designs, per¬ 
formance far superior to that obtainable from active 
designs can be obtained; perhaps passive designs will 
become popular again in Amateur equipment. 
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VHF'UHF WORLD 


table 1. Major worldwide Amateur microwave frequency allocations. Many coun¬ 
tries share the same frequency bands, although the frequencies may be shifted 

slightly. 



band 

frequency 

notes 

33 cm 

902-928 MHz 

Available in USA since Sep. 28 

1985. Canada has same but on 

A3/F3 only. 

23 cm 

1215-1300 MHz 

1215-1240 still available in Canada, 
but recently withdrawn in USA. 

Some countries in Region 1 do not 
have the full assignment. Others 
have power or EIRP restrictions. 

13 cm 

2300-2450 MHz 

2310-2390 was removed from USA 
use on November 6, 1984. Many 
Europeans cannot operate below 

2320. Japan has only 2400-2450. 

9 cm 

3300-3500 MHz 

Some area restrictions apply. UK 
and West Germany have 

3400-3475. 

6 cm 

5650-5925 MHz 

Some area restrictions apply. UK 
and West Germany have 

5650 5850. 

3 cm 

10.0-10.5 GHz 


12 mm 

24-24.25 GHz 

24-24.05 in West Germany 

6 mm 

47-50 GHz 

47-47.2 in West Germany, 48-50 in 
USA. 

4 mm 

71-76 GHz 

75.5-76 in West Germany 

2 mm 

142-170 GHz 

165-170 GHz in USA, 142-144 GHz 
in West Germany. 

1.2 mm 

240-250 GHz 

248-250 in West Germany 

1 mm 

300 GHz and above 

No restrictions in USA. 


Amateur microwave bands 
My dictionary defines microwaves 
as the frequency range between 1 milli¬ 
meter and 1 meter, the region between 
infrared and short-wave radio frequen¬ 
cies. Most Amateurs, however, con¬ 
sider the microwave bands those 
Amateur frequencies allocations above 
450 MHz. 

In the United States, we are pres¬ 
ently allocated over 23,000 MHz — not 
counting all the frequencies above 1 
mm (300 GHz). This is a huge re¬ 
source. Compare this with less than 50 
MHz below the microwave frequen¬ 
cies, of which 10 MHz are currently 
under attack (420-430 MHz), where 
greater than 99 percent of all Amateur 
operation takes place. For comparison. 
I've listed the Amateur frequency allo¬ 
cations above 450 MHz in the micro- 
wave bands in table 1. 

As stated in last month's column, I 
haven't written much about the micro- 
wave bands because I felt I had to first 
establish a solid base at the VHF/UHF 
frequencies.' With the past 24 col¬ 
umns in this series behind us, that base 
is now in place. With this in mind, I 
hope now to devote some of my col¬ 
umns specifically to the microwave fre¬ 
quencies. Therefore, this month's col¬ 
umn will serve as sort of an introduc¬ 
tion to the microwave bands, frequen¬ 
cies in use, and activities thereon. 

a look back 

First, let's take a glance at the past. 
Amateurs have really only operated on 
the microwave frequencies since 
World War II. 2 Most microwave oper¬ 
ation in North America has been con¬ 
ducted on the 23 cm (1215-1300 MHz), 
13 cm (2300-2450 MHz), and 3 cm 
(10-10.5 GHz) bands with a little 


activity on 9 cm (3300-3500 MHz), 6 
cm (5650-5925 MHz), 12 mm (24-25.25 
GHz) and 6 mm (47-50 GHz) thrown 
in. In fact, the only reported North 
American Amateur contacts above 50 
GHz are in the optical frequency 
bands, those frequencies above 300 
GHz! 3 I've updated the DX record table 
and the latest records (as of this date) 
are shown in tables 2, 3 and 4. 

During World War II, the military 
classified frequencies by assigning let¬ 


ter designations to the various bands. 
Some of those designations are still in 
use today, especially in reference to 
older surplus gear. Table 5 shows 
these designations. However, tri- 
Service designations have now 
changed to a more orderly list; the 
more recent band designators are 
shown in table 6. 

Until recently, most Amateur gear 
used on the microwave bands was 
commercial or surplus equipment that 
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table 2. Worldwide claimed microwave terrestrial OX records. 


frequency 

record holder 

date of QSO 

prop mode 

dx miles (km) 

1296 MHz 

KH6HME-N6CA 

6/24/84 

Tropoducting 

2472 (3977) 

2.3 GHz 

VK5QR-VK6WG 

2/17/78 

T ropoducting 

1170 (1883) 

3.3 GHz 

G3LQR-SM6HYG 

7/11/83 

Ducting 

576 (927) 

5.7 GHz 

G3ZEZ-SM6HYG 

7/12/83 

Ducting 

610 (981) 

10 GHz 

I0SNY/EA9- 

I0YLI/IE9 

7/08/83 

Ducting 

1032 (1660) 

24 GHz 

I3SOY/3, 
IW3EHQ/3- 
I4BER/6, I4CHY/6 

4/25/84 

LOS 

180 (289) 

47 GHz 

HB9AMH/P HB9 
MIN/P 

6/11/84 

LOS 

33 (53) 

474 GHz 

K6MEP WA6EJO 

6/09/79 

LOS 

15 (24) 


table 3. North American claimed microwave DX records by propagation modes. 
The records are listed alphabetically by mode. Ducting is suspected where the 
paths are mostly over water. No efforts are made to separate ducting on over¬ 
land paths, so they're grouped under "tropo". 


frequency 

record holder 

date 

prop mode 

dx miles (km) 

1296 MHz 

KH6HME-N6CA 

6/24/84 

Ducting 

2472 

(3977) 


K2UYH-VK5MC 

12/06/81 

EME 

10,562 (16995) 


W4WSR-WA5TKU 

6/03/85 

Tropo 

1112 

(1790) 

2.3 GHz 

PA0SSB-W6YFK 

4/5/81 

EME 

5491 

(8836) 


W4HHK-W8YIO 

7/28/83 

Tropo 

583 

(938) 

3.3 GHz 

K6HIJ/6-W6IFE/6 

6/18/70 

LOS 

214 

(344) 

5.6 GHz 

K5FU D-K5PJR 

9/20/77 

Tropo 

267 

(430) 

10 GHz 

WA4GHK/4- 

WD4NGG 

8/07/84 

Ducting 

297 

(478) 


W7JIP/7- 

W7LHL/7 

7/31/60 

LOS 

265 

(426) 

24 GHz 

KX0O/0, 

W0MXY/0- 

NK0P/0, 

WA0VSL/0 

8/24/85 

LOS 

74 

(119) 

48 GHz 

W2SZ/1- 

WA2AAU/1 

9/08/84 

LOS 

0.3 

(.5) 

71-260 GHz 

None reported 





Above 

300 GHz 

K6MEP-WA6EJO 

6/09/79 

LOS 

15 

(24) 


table 4. Worldwide claimed EME Microwave DX records. 


frequency 

record holder 

date of QSO 

prop mode 

dx miles (km) 

1296 MHz 

PA0SSB ZL3AAD 

6/13/83 

EME 

11595 (18657) 

2304 MHz 

PA0SSB-W6YFK 

4/05/85 

EME 

5491 (8836) 

3300 MHz and above: None reported. 





was often borrowed or modified by 
Amateurs for their use. The primary 
modes of communication were often 
wideband FM and pulse. 2 


The San Bernadino Microwave 
Society (SBMS) was an early sup¬ 
porter of the microwave bands with 
their "polaplexers.'"' This scheme uses 


only one oscillator at each end of the 
path that is modulated for transmitting 
and provides the LO for receiving. This 
LO was often a klystron; in more 
recent designs, it's often a Gunn diode 
oscillator. 

Polaplexers were primarily used to 
set DX records between mountain 
tops using portable gear — with "port¬ 
able" meaning gear that could be car¬ 
ried by two men and a boy! Indeed, 
the SBMS 9 cm record for North 
America still stands (table 3). 
The polaplexer's days seem to be num¬ 
bered, and the gunnplexer is rapidly 
replacing it on the 3 cm and 12 mm 
bands. 6 

looking forward 

Before 1970, many of the micro- 
wave records were held by North 
Americans. Then the British and Ger¬ 
mans started to take on the challenge. 
Before long, many of the European 
countries were there in great numbers. 
When you look at the worldwide DX 
records in table 2 and compare these 
with the North American records in 
table 3, you must conclude that 
there's plenty of room for challenging 
DX records. Furthermore, I'm not 
aware of any successful Amateur EME 
activity above the 13 cm band (table 
4). 

At the present time, narrow-band 
modes such as CW and SSB are start¬ 
ing to take hold even on 3 cm, a hot¬ 
bed of activity in the UK. The state of 
the art advances rapidly. Needless to 
say, the Europeans have a good track 
record. So let's get in on the ground 
floor and see what we in North 
America can do! 

Unless you're a radio astronomer, 
it's no fun to listen to white noise. 
Activity on the microwave bands, 
especially above 13 cm, will be suc¬ 
cessful only if individuals band 
together and concentrate their efforts. 
We have the technology — all we need 
to do is spend the time and make the 
effort. 

The FCC has finally allocated the 33 
cm or 902-928 MHz band to radio 
Amateurs in the USA on a secondary 
basis. Canadian Amateurs already 
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IF'28 MHz 105.666 317.0 634.0 1266.0MHz 

IF ‘144 MHz 96.000 288.0 576.0 1152.OMHz 



IF, 28MHz 94.833 264 5 5 69.0 1138.0 2276MHz 

IF, 144MHz 90.0 270.0 540.0 1080 0 2160MHz 


fig. 1. Recommended multiplier scheme for a 1296 and 2304 MHz converter/transverter. 
(See text for further explanation.) 


have the band, but only for A3J emis¬ 
sion. What a great challenge this band 
offers! Gear for this band is easier to 
design and more readily available than 
gear for the upper microwave bands. 

microwave frequencies and 
modes 

Most of the North American activity 
below 9 cm is now on CW and SSB. 
Many years ago weak signal operators 
used multipliers from 144 MHz to go 
to the 70 cm and higher bands. As a 
result, the weak signal frequencies of 
432.0 MHz (144 X 3), 1296 MHz (144 
X 9), 2304 MHz (144 X 16), 3456 MHz 
(144 X 24), 5760 MHz (144 X 40), and 
10368 MHz (144 X 72) became estab¬ 
lished and are still recognized world¬ 
wide. 

Because CW and especially SSB will 
probably become widely used, the 
transmitters and receivers presently 
employed must be upgraded. Some 
Gunnplexer operation on 3 cm and 12 
mm will undoubtedly continue. But 
these units will probably be upgraded 
with frequency/phase locking, improv¬ 
ing frequency stability and hence weak 
signal operation. 

The prime weak signal calling fre¬ 
quencies on the lower microwave 
bands have mostly shifted to 1296.1 
and 2304.1 MHz to allow EME exclu¬ 
sively between 1296,0-1296.05 and 
2304.0-2304.05 MHz. EME on the 13 
cm band will be somewhat fragmented 
since many European Amateurs can 
no longer operate below 2320 MHz, 
and the FCC has removed 2310-2390 
MHz in the USA. Therefore, cross¬ 
band operation (2304.0 to 2320.15 
MHz) is now in use. The ARRL VUAC 
has recommended 903.1 MHz as the 
weak signal calling frequency on 33 
cm, with EME between 903.0 and 
903.05 MHz. 

propagation 

Radio propagation on the micro- 
wave bands is somewhat different 
than on the VHF/UHF bands. Aurora, 
while theoretically possible, has yet to 
be reported. Meteor scatter, sporadic 
E, F2, and FAI are theoretically impos¬ 
sible on these frequencies. 


The most common modes of micro- 
wave propagation will probably be line- 
of-sight (LOS), tropospheric bending, 
tropospheric ducting, scatter, and 
EME. Scatter will undoubtedly become 
more popular for DX since it's very 
prevalent at microwave frequencies. 
Large stationary objects (buildings, 
hills, mountains, and such) as well as 
aircraft and lightning make excellent 
scattering media. 3 Scatter is often 
overlooked, but even local operation 
may be enhanced between stations 
that have obstructed paths if each sta¬ 
tion aims at some large hill, building, 
TV tower, or other structure that they 
can both "see." 

The biggest impediments to DX on 
microwaves will be foliage/evergreen 
attenuation, feedline losses, low trans¬ 
mitter power, and narrow antenna 
beamwidths. The latter problems can 
all be improved with continued 
development in state-of-the-art equip¬ 
ment (see below). 

Therefore, with the exception of 
EME, the DX records on the micro- 
wave bands will probably be shorter 
than the VHF/UHF records until bet¬ 
ter equipment becomes available and 
activity increases. For more informa¬ 
tion on the subject of propagation, 
refer to references 3 and 6. 

receiving equipment 

Almost all microwave weak signal 


operation now uses crystal controlled 
converters, with 28 and 144 MHz IFs 
most popular. This permits most of the 
weak signal types of emissions to be 
used. 

Adequate RF filtering, especially at 
the image frequency, is required for 
low-noise operation. Allowing other 
RF frequencies outside the band of 
interest to enter the receiver lowers 
performance, especially if the signals 
are strong. If a 28 MHz IF is used, 
filtering is more critical. 

However, simple filter designs such 
as the interdigital type are now availa¬ 
ble to Amateurs. 78 These filters are 
particularly easy to design using com¬ 
puter programs that can change the 
mechanical and electrical specifica¬ 
tions at will. Construction is not 
beyond the hand tool level. 

The present state-of-the-art permits 
noise figures below 3 dB up to 25 GHz. 
Only a few years ago this would have 
been unheard of except with the use 
of parametric amplifiers and masers, 
both out of the reach of most Radio 
Amateurs. 

Microwave bipolar transistors are 
now inexpensive and can deliver 1 to 
3 dB noise figures through 4 GHz. 
Affordable (less than $25) GaAs FETs 
can now provide less than 2 dB noise 
figures through 3 cm. 8 The lower noise 
figure high mobility electron transistors 
(HMETs) are coming. 10 Although they 
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presently cost around $150.00 (if they 
can be obtained at all), they reportedly 
will eventually be less expensive than 
GaAsFETs since they're easier to 
manufacture. 

The local oscillator (LO) of a micro- 
wave converter is very important. As 
I've stated in previous columns, the 
basic oscillator for VHF/UHF and 
above should be an overtone crystal 
type in the 90-120 MHz region. 1112 
Not only will this reduce phase noise, 
but it will improve stability, generate 
fewer spurs, and require less multipli¬ 
cation. 13 As a result, there will be fewer 
birdies and fewer LO products to be fil¬ 
tered out. 

Multipliers should also be clean. I 
recommend that doublers be used if 
possible since they're more easily 
filtered and more efficient. If triplers 
are used, they should be limited to 
about 400 MHz on the output. Some 
recommended combinations for 1296 
and 2304 MHz are shown in fig. 1. 
Many types of mixers have been used 
over the years. The through-line single¬ 
diode type was commonly used on 
microwave frequencies in the early 
days. 2 More recently, interdigital 
mixers and the anti-parallel harmoni¬ 
cally pumped mixers have been used, 
since they require a lower frequency 
LO at a sub-harmonic of the desired 
frequency. 141616 

However, I prefer the balanced 
mixer types. 1112 They're usually 
broadband and represent 50 ohms at 
all three ports (LO, RF, and IF). Hence 
they're easy to work with, especially 
in a modular converter. The double- 
balanced (DBM) type with four diodes 
is preferred, and are becoming quite 
easy to obtain and are reasonable 
priced (usually $10-40 for 1-4.5 GHz), 
with the MDS and TVRO market pav¬ 
ing the way for the 2-5 GHz spectrum. 
The DBM usually requires about 5 
milliwatts of LO power. 

Finally, the post amplifier (the one 
following the mixer) should have a low 
(1 to 2 dB) noise figure to lessen the 
preamplifier gain requirements. A suit¬ 
ably low noise figure bipolar preampli¬ 
fier that will cover any IF from 14-150 
MHz is described in references 12 and 


17. Other low noise circuits are also 
acceptable, especially those with good 
input VSWR. 

transmitters 

Multipliers are fine for the micro- 
wave bands. As mentioned before, 
144 MHz transmitters used to be multi¬ 
plied all the way up to the desired 
microwave band. However, their fre¬ 
quency stability left something to be 
desired. 

If you decide to use a multiplier 
scheme, there's a preferred method 
that has been used by many micro- 
wave and contest stations. 1819 Basi¬ 
cally, it uses a 96 MHz oscillator which 
is multiplied up to 1152 MHz. This is 
a convenient frequency since its sec¬ 
ond, third, fifth, and ninth harmonics 
allow operation on 2304, 3456, 5760, 
and 10368 MHz respectively, as shown 
in fig. 2. Coincidentally, 1152 mixed 
with 144 MHz yields 1296 MHz as a 
bonus! 

However, the transverter is rapidly 
becoming the most popular scheme 
for getting on the microwave bands. 
Since only one LO is required per 
band, it significantly lowers the cost 
and reduces complexity, not to men¬ 
tion construction time. Properly built, 
it will have excellent frequency stabil¬ 
ity. In addition, a transverter allows 
CW as well as SSB operation at the 
flip of a switch on the exciter. 

The only problem with a transverter 
is that a separate oscillator is required 
for each microwave band, unlike the 
1152 MHz transmitter scheme just 
mentioned. Many simple two- or three- 
band schemes have been proposed to 
lower the number of required 
oscillators. 

Recently a more or less universal 
microwave scheme was proposed 
using a single oscillator. 20 Although it 
may at first seem complicated, it 
would make a dandy add-on type of 
building block, since once the first 
block is in place, bands can be readily 
added. The disadvantage of the 
scheme is that a separate converter is 
required at 288 MHz. However, that 
frequency is a snap to work with and 
will be high enough to make image 


table S. Major microwave band desti- 

nations used during and after World 

War II. Note that there are some over- 

laps to add to the confusion. 


frequency (GHz) designation 

0.10 - 0.225 

G 

0.225 - 0.390 

P 

0.390 - 1.55 

L 

1.55 - 5.2 

S 

3.9 - 6.2 

C 

5.2 - 10.9 

X 

10.9 36 

K 

12.9 - 18 

Ku 

26.5 40 

Ka 

36 - 46 

Q 

46 56 

V 


table 6. Modern Tri-Service microwave 

band designations in present use. 

frequency (GHz) 

designation 

0 

0.25 

A 

0.25 

0.5 

B 

0.5 

1 

C 

1 

2 

D 

2 

3 

E 

3 

4 

F 

4 

6 

G 

6 

8 

H 

8 

10 

1 

10 

20 

J 

20 

40 

K 

40 

60 

L 

60 

100 

M 


rejection a trivial problem. The basic 
scheme is shown in fig. 3. 

obtaining power 

Power amplifiers aren't always 
required on the microwave bands. If 
solid-state multipliers are used, up to 
several watts can be generated on the 
lower microwave bands. 

Solid-state bipolar transistors can 
generate several watts of power up 
through 6 GHz. Power MOSFETs that 
generate several watts at 1 GHz have 
been demonstrated. Power GaAs 
FETS that can deliver 5 to 10 watts of 
output through 10 GHz are also 
available. 

Until recently, the 2C39/7289 has 
been the king of transmitting tubes on 
the lower microwave bands. Single, 
two, four, six and even eight-tube 


48 O January 1986 





amplifiers have been used through 
2304 MHz. 2125 The eight-tube ampli¬ 
fier design described in reference 24, 
however, is not recommended, be¬ 
cause this design offers very low effi¬ 
ciency (30-40 percent). 

Recently a new single-tube 23-cm 
amplifier design using a UHF TV tube 
was introduced. It will reportedly 
deliver over 400 watts with a 10 dB 
gain. 26 Other tubes and designs are 
available. Traveling wave tubes (TWT) 
will deliver up to 100 watts at micro- 
wave frequencies, although those 
above 10 watts are rare in Amateur cir¬ 
cles. The outstanding properties of the 
TWT are that it is broadband (typically 
one octave), has good linearity, and 25 
to 35 dB of gain is typical! 


Amateurs are also using high-power 
klystrons, but they're difficult to obtain 
and quite high in price. Like TWTs, 
they frequently have gains of over 30 
dB. Magnetrons are another possibil¬ 
ity. If someone can find out how to use 
the type presently so common in 
microwave ovens, we could have a 
readily available, low-cost high power 
amplifier source for 13 cm! 

antennas 

The principal types of antennas used 
on the microwave bands are the Yagi, 
loop Yagi, horn, and the parabolic 
dish. Because of the critical dimen¬ 
sional requirements, the Yagi will prob¬ 
ably not be widely used except below 
1300 MHz. But the loop Yagi, with its 


unique mounting and matching 
methods, should be a good performer 
where 19 to 21 dBi of gain is required 
with low wind resistance up through 
at least 3500 MHz. 27 - 28 The micro- 
wave horn has only moderate gain (10 
to 20 dBi), but is widely used on 3-cm 
gunnplexers and as a feed system for 
parabolic dishes where low gain or 
controlled beamwidth is required. The 
parabolic dish, with its high gain, will 
probably remain the standard antenna 
for the microwave bands because it's 
easily designed, has predictable gain, 
and is easy to feed. 29 

feedlines 

The microwave bands are a transi¬ 
tional region for feedlines. 30 Coaxial 
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cable is improving all the time; it's easy 
to work with, especially where bends 
or flexibility are required. It will proba¬ 
bly remain the most popular line at the 
lower microwave frequencies and 
slowly move up in frequency as the 
state-of-the-art improves. In this 
regard, the air dielectric types of coax 
such as Heliax™ are preferred. 

Waveguide will probably remain the 
most common type of transmission 
line on the microwave bands above 10 
GHz. It's readily available as surplus 
and has very low insertion loss. Don't 
overlook the possibilities of "G-line," 
which has the potential for low loss at 
a very moderate cost — and you can 
"roll your own." 30 

commercial gear 

Those who know me well are aware 
that I prefer to build my own gear from 
scratch because it allows me flexibil¬ 


ity in choosing features as well as the 
ability to make modifications and 
improvements without the fear of 
lowering resale value. It also yields a 
great sense of accomplishment when 
everything works! 

However, there's now a fair amount 
of microwave gear available not only 
from Amateur suppliers, but from 
commercial suppliers, too. Further¬ 
more, because the state-of-the-art in 
commercial equipment is moving 
ahead so rapidly, there's a lot of sur¬ 
plus equipment available to the 
Amateur. Check the Amateur maga¬ 
zines for further information. The 
microwave bands are no longer the 
exclusive territory of the homebrewer! 

reference material 

There's plenty of material about the 
microwave bands available if you know 
where to look. 31 Of particular note are 


the RSGB's VHF/UHF Manual, The 
Microwave Newsletter Technical Col¬ 
lection, The Gunnp/exer Cookbook, 
VHF Communications, DUBUS, IEEE 
Microwave Theory Transactions, and 
The UHF Compendium, for example. 
(For information on how to obtain any 
of these, see reference 31.) Bibliogra¬ 
phies are also available. 33 33 34 

Finally, numerous trade magazines 
are available for those engaged in the 
electronics field. 31 The material is avail¬ 
able, but you'll have to take the 
initiative! 

summary 

In this month's column. I've tried to 
provide an introduction to the micro- 
wave bands. Because complete exami¬ 
nation of the topic would obviously be 
beyond the scope of this column, I 
strongly advise you to refer to the 
references cited. 
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The Amateur microwave bands are 
an exciting area for exploration and 
challenge. Surely they'll be the 
resource of the future — not just for 
casual chit-chat, but as the place for 
improving the state-of-the-art in com¬ 
munications and equipment design. 
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important VHF/UHF events: 

January 3: Peak of Quadrgnrids Meteor 

Shower predicted at 2300 
UTC 

January 8: EME perigee 

January 11 12: ARRL VHF Sweepstakes 
Contest 

February 4: EME perigee 

ham radio 


short circuit 

VHF/UHF world 

In the September, 1985 column, 
"VHF/UHF World" (page 45), the 2 
7/8-inch dimension shown in fig. 2C 
should be changed to ±21/2 inches. 
This is the height of the loop (from top 
to bottom), not the diameter, and will 
cause the loop to appear somewhat 
oval rather than round. 

During final adjustment, the loop 
Yagi should be tested for minimum 
VSWR. If it is not below 1.2:1 (after 
adjusting the spacings between the 
first director and the reflector, as 
explained in the text) adjust the loop 
height carefully to obtain the best 
match. After adjustment, the junction 
point where the driven element con¬ 
nects to the brass bolt and the trans¬ 
mission line should be thoroughly 
soldered together. 


Zip. 

acK smiih mcreoNics inc 
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troubleshooting I: 
signal tracing/injection 

SCENE: It's one of those evenings 
when you can't determine whether the 
band has just died a little earlier in the 
evening than usual or somebody's 
stuck a pin through your antenna 
coax. Wise Old Elmer (WOE) is lei¬ 
surely tuning across 15 meters when 
the doorbell rings. He opens the door. 
Standing there, looking more than a 


little crestfallen, is Young Squirt (YS), 
a novice who has only recently up¬ 
graded to General Class. 

"Hiya, Young Squirt — what's the 
matter, a truck run into your tower?" 
Young Squirt replies, "Almost. My 
$800 Super Band-Buster Single Side¬ 
band (SBBSSB) transceiver died on 
receive — think ya' can help?" 

Now, WOE is one of those old-fash¬ 
ioned people who believes that if you 
give someone a fish then they eat for 
today, but if you teach them how to 
fish, then you feed them for a lifetime. 
"Well, Squirt, I reckon I could fix it — 


after all, you bought the shop manual 
and I got a workshop full of test equip¬ 
ment. But what good does it do if I fix 
it?" 

WOE pauses, knowing YS's objec¬ 
tion because he remembers a scene 
like that, oh, so many years ago, back 
when he thought the QCWA met in 
the local nursing home. 

"Well, answers YS, ...it'd get me 
back on the air." 

"Young Squirt," says WOE, assum¬ 
ing a fatherly tone, "you just passed 
a community college course in radio 
and nearly aced the General class 
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license exam. Why don't I show you 
how to troubleshoot that rig of yours, 
and see if you can learn a thing or 
two?" 

VS is startled at the suggestion. 
Elated, but still questioning his own 
ability, he admits that WOE knows a 
lot more than he does, so puts his 
anxiety on hold. But when WOE heads 
over to the workbench — muttering 
something about getting out his fish¬ 
ing pole — the anxiety returns. 

With the transceiver on the work¬ 
bench, WOE directs YS to remove the 
top and bottom covers according to 
instructions in the service manual. 
Taking out a piece of paper and a 
stubby No. 2 pencil, he draws a block 
diagram of a standard radio receiver 
(fig. 1). 

"Take a look at this picture. Squirt. 
Note the various stages. We have an 
RF amplifier tuned to the incoming sig¬ 


nal, a converter or mixer/local-oscil¬ 
lator stage that converts the RF signal 
to the IF frequency, an IF amplifier 
where most of the gain and selectivity 
are placed, a detector — let me draw 
a simple AM envelope detector, just 
for the sake of argument — and an 
audio amplifier chain. There might be 
various feedback loops in the audio, 
but we can leave them out for now. 
There might also be an automatic gain 
control (AGC) circuit. This circuit is 
simple compared with the SBBSSB 
receiver section, but it serves to show 
you how to bait your hook." 

"Huh? Bait my hook?" 

WOE smirks. "Let's talk a little 
about troubleshooting philosophy, 
YS," he says. "It’ll help us think this 
process through. The vast majority of 
electronic troubleshooting problems 
involve either losing a desired path for 
current or gaining an undesired path 


for current." That certainly sounds 
simple, so Squirt figures WOE just 
might know a thing or two. "Further¬ 
more," WOE continues, "there is, in 
each stage, an AC path for current and 
a DC path for current. Although there 
are cases in which examining the DC 
path in each stage will allow us to iso¬ 
late the defective section of the 
receiver, it's more often the case that 
the signal path — an AC path — is the 
best way to attack the problem." 

"DC path, AC path?" YS asks, 
"that sounds familiar. I talked to Sally 
Solderburn last week, and she told me 
about using those ideas to trouble¬ 
shoot solid-state circuits." (Sally only 
recently obtained an Amateur license, 
but had been the Chief Engineer of the 
local National Public Radio FM station 
in their town for several years. She'd 
also spent several years repairing CB 
and taxicab two-way radios.) 
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"Yeah, Sally showed me a thing or 
two about troubleshooting solid-state 
circuits," replies WOE, "but let's get 
to that in a moment. The first job is to 
isolate the dead stage. There are two 
methods we can use: signal tracing or 
signal injection." 

Taking out another sheet of paper, 
WOE redraws the circuit of fig. 1 in the 
form of fig. 2. "In signal injection we 
use a signal generator to insert a sig¬ 
nal into the various stages of the 
receiver, while monitoring the output 
signal on the speaker or a pair of head¬ 
phones. 

"In the textbook case — I use that 
term because, practically speaking, 
there are telling indications that allow 
us to cut the process short — we'll first 
use an audio generator at the input of 
the audio output stage. If this signal 
creates an appropriate response in the 
output — that is, a tone in the speaker 
— then we move the signal generator 
back to the input of the AF preamps 
or the volume control. If the audio 
stages prove out OK, then we have to 
switch to an RF signal generator. At 
first, set the RF sig gen to the IF fre¬ 
quency. Inject the signal into the input 
of each IF stage (there are three 


stages, you know) and the output of 
the converter (or mixer, if that system 
is used). Finally, if all these stages 
prove out, as indicated by the signal 
getting all the way through to the out¬ 
put, switch the sig gen frequency to 
the RF frequency. This step's a little 
tricky, in some cases, because the 
receiver and sig gen aren't tuned to the 
same frequency; the dials are way off 
from each other. Rock either the re¬ 
ceiver or signal generator dial back and 
forth to find the signal. The last stage 
is the RF amplifier." 

YS marvels at the simple logic of 
stage isolation, but now wonders what 
"signal tracing" is: "Tell me, Wise Old 
Elmer," he asks, "you mentioned sig¬ 
nal tracing a couple minutes ago — 
what's that?" WOE reaches for his old 
Heathkit signal tracer and shows it to 
YS. "Well, Squirt," he begins, "the 
signal tracer is merely a high gain audio 
amplifier with a loudspeaker output. 
The input is a switchable probe. In one 
switch position the probe acts like a 
simple low-capacitance probe, while in 
the other it's a demodulator probe. 
This latter position will demodulate an 
AM signal." Turning the now well- 
used piece of paper over, WOE again 


draws the simplified block diagram of 
a radio receiver (fig.3) and shows 
Squirt how to signal trace. 

"Remember how in signal injection 
we started at the audio output stage 
and worked backward toward the RF 
amplifier?" he asks. "In signal tracing, 
we work in the opposite direction — 
from the RF amplifier toward the AF 
stages. It's important to have the 
receiver tuned to some reasonably 
strong signal that will stay on the air 
for a little while. On some Amateur 
bands there are enough signals so that 
this is not a problem — 75 meters after 
6 PM for example — but in other 
cases, we'll have to supply a signal. In 
our area, WWV on 10 MHz is usually 
strong, so we can use the WWV mode 
of the receiver. Otherwise, simply con¬ 
nect a signal generator to the antenna 
terminals. Set the output frequency to 
the same frequency as the receiver 
dial. 

"Use the signal tracer in the 
'demodulator' mode (also called the 
'RF' mode on some instruments). 
Look for the signal first at the output 
of the RF stage, then at the converter 
(or mixer), at each IF stage in succes¬ 
sion, and finally at the input of the 
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detector. If the bad stage is not found, 
then switch to the AF mode on the sig¬ 
nal tracer, and continue tb the detec¬ 
tor and each of the audio stages in 
succession." 

"The process of stage isolation," 
WOE continues, "is used to limit the 
problem area to a single bad stage. 
Once we determine which stage is 
dead, then we can use other methods 
to figure out which component is 
defective." 

VS is impressed. "Darn!" he 
exclaims, "that's simple, WOE. Why 
didn't I think of that?" 

"Hmmmm..." thinks WOE, "that's 
a good question." 

"WOE," asks YS, "you mentioned 
some shortcuts...what were you talk¬ 
ing about?" 

"Well, I don't mean to imply that the 
process isn't valid, because it works in 
almost all cases — in fact, it's never 
failed for me. But a little experience 
shows us that some indications allow 
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us to eliminate certain stages. You 
know, professional technicians often 
make more money from merely 
observing sets than from testing them. 
People like your friend Sally make their 
living by fixing as many sets per work¬ 
ing hour as possible, so they're deeper 
in the bucks if an educated guess 
shortens the process." 

Squirt is now almost breathless — 
but whether from a desire to impress 
Sally or from the technical wisdom 
he's gaining isn't clear. "What kind of 
shortcuts are there?" he asks. 

"Well, let's take a quick look at your 
rig and see." WOE makes sure the rig 
is turned off and in the receive mode. 
He plugs in the AC power cord and 
turns on the power switch. "Run the 
AF gain control up and down through 
its range several times, YS," he 
directs. "Hear that scratching? Very 
few volume controls are perfectly 
clean potentiometers. Almost all of 
'em have enough scratching to let you 
know whether or not the AF stages are 
working." 

YS turns the control several more 
times, and sure enough, the speaker 
emits a rough scratching sound as the 
control is adjusted. 

"That scratching tells us that the AF 
amplifiers are probably OK," WOE ex¬ 
plains. "Now set the AF gain at or near 
maximum and turn the RF gain control 
all the way up. Notice that the set is 
all but dead — there's only a small 
hissing sound. That tells us that the 
problem is probably in the detector, IF, 
or mixer/oscillator (or converter) 
stages. If the mixer/oscillator and all 
following stages are working, and the 
problem is in the RF ampliifier, then 
we'd hear a loud hiss amplified by the 
high gain IF amplifier. This hiss is a 
combination of thermal noise in the 
stages plus a certain amount of noise 
created by the heterodyning process. 
Listening to the receiver with the an¬ 
tenna disconnected is nearly the same 
sound." 

WOE takes out another sheet of 
paper, brushes away some instant cof¬ 
fee crystals, and makes a list for his 
young friend. He titles it "common 
faults and their indications, especially 


for AM/SSB radios" and begins to 
write 

1. With all gain controls turned up, a 
loud hiss indicates a lot of gain is pre¬ 
sent, so the problem is closer to the 
front-end. 

2. Picking up only a few stations in a 
normally crowded band (not 15 meters 
at 10 PM) could indicate a sensitivity 
problem. If there's not a lot of hiss, 
then look in the IF amplifiers (especially 
the early stages). The fact that the sig¬ 
nals are there, in the right place, ex¬ 
onerates the mixer/oscillator. 

3. A lot of signals, but with low 
volume, usually indicates that one of 
the latter IF stages, the detector, or 
one of the AF stages is faulty. If the 
volume control scratch is normal, then 
the AF stages are probably OK. 

4. Tune the radio across a busy band 
while watching the S-meter. If there 
are periodic deflections — indicating 
that the receiver tuned across a signal 
— but there’s still no output signal, 
then the dead stage is between the S- 
metered stage and the output. 

5. A constant — or nearly constant — 
indication on the S-meter might indi¬ 
cate an oscillating IF amplifier or other 
stage. 

"Well, there you have it. Squirt. Think 
you can show me which stage is bad?" 

YS, who by now has had both his 
consciousness and confidence raised, 
mutters, "I expect so." 

next month 

This month we used a little "Elmer 
Scenario" to illustrate a little lesson in 
troubleshooting. Next month we'll 
return to our usual format and tell you 
what Sally Solderburn taught YS 
about troubleshooting. 


have a question for Joe Carr? 

Send your question to Joe Carr, ham radio, 
Greenville. New Hampshire 03048. While not every 
letter can be answered personally, he will try to 
answer as many as possible in this column. 
-Ed. 


ham radio 
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short circuit 

K1BQT transceiver 

The following corrections should be 
made to KIBQT's November article, 
"A Compact 75-meter Monoband 
Transceiver": 

AUDIO AMPLIFIER/AGC MOD¬ 
ULE: Schematic omitted 1N914inline 
from audio output to gate of Q1. Also, 
AGC delay may be too long with 2.5 
fiF on gate of Q1. If so, substitute 1 
or 1.5 fiF. 

DRIVER/BPF MODULE: Q3 gate 
No. 1, resistor value should be 10k. 
Schematic omitted 0.01 between L4 
and gate No. 1. L4 is direct coupled — 
not link coupled — to Q3. Also, 
schematic omitted RFC1 on Q4. 
EXCITER MODULE: Schematic 
omitted 0.1 bypass on U5 pin 3. Delete 
Ik resistor shown between mic gain 
and U6 pin 1. 

RECEIVER MODULE: Schematic 
omitted 0.1 bypass capacitors on U1 
pin 7, + R, and U3 pin 7. On PCB, 
move 0.1 bypass from ALC input to U2 
pin 5. 
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Finally, use silver mica capacitors in 
the transmitter BPF. Parasitic oscilla¬ 
tion of the driver was traced to inferior 
quality ceramic capacitors in the two 
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ham radio 


TECHNIQUES ^ 


let's hear it 
for the good guys 

/ have noticed a slight tendency, on 
the part of some high-tech people, to 
look down on hams and ham activity 
— as if such a hobby somehow les¬ 
sened the professionalism of those 
whose livelihood is RF engineering. / 
challenge that notion. Quite to the 
contrary, experience as a practical 
operator cannot but deepen one's 
understanding of electromagnetic 
wave generation and propagation. In 
fact, if there are any computer kids 
among our readers who are not hams, 
we urge you to give it a try. It will give 
you much of the education, in this 
strange "new'’ field, that you're look¬ 
ing for. 

These interesting and encouraging 
words appeared in an editorial by Keith 
Aldrich, publisher ol rf design (August, 
1985).* 

Other Radio Amateurs in the tech¬ 
nical fields have noticed the profes¬ 
sional "snub" on occasions, but this 
is far outweighed by the great number 
of professionals that are hams. All one 
has to do is attend the Radio Amateur 
dinner and reception at the National 
Association of Broadcasters Conven¬ 
tion, or the Amateur luncheon held at 
the annual gathering of the Armed 
Forces Communications and Elec¬ 
tronics Association. You'll find an eye¬ 
popping number of top-notch profes¬ 
sionals — who are also enthusiastic 
Radio Amateurs — at these meetings! 
So, let's hear it for the good guys and 
for Keith Aldrich, who I hope will 
become a ham himself one of these 
days! 

the phasing SSB system — 
born again! 

Old-timers will recall the phasing 

‘Cardiff Publishing Co., Inc., 6530 S. Yosemite Street, 
Englewood, Colorado 80111. 


system of SSB. Remember the Cen 
tral Electronics 10A exciter? This 
thought should bring tears to the eyes 
of any sidebander who was active in 
the early 1950s. The phasing system 
died a quick death with the advent of 
the latest edition of the ARRL Hand¬ 
book. (A friend of mine chided me for 
including a short section on the phas¬ 
ing SSB system in the latest edition of 
Radio Handbook. My reply to him was 
that it is still a valid system of gener¬ 
ating a sideband signal and possesses 
some virtues that the filter system does 
not have. His only reply to me was a 
look of pity.) 

But now it looks as if the phasing 
system has finally come into its own, 
especially in the field of VHF/UHF 
operation. 

A major disadvantage of SSB is that 
it requires relatively inefficient linear 
amplifiers to reach high power levels. 
Unfortunately, reasonable efficiencies 
at VHF and higher are obtainable only 
with class C amplification, which 
precludes the use of a low level SSB 
driving signal. If the modulation takes 
place in the high level RF amplifier, 
however, linearity is not a problem. 
High audio power is required for high 
level modulation, but today's digital 
techniques make possible pulse-width 
modulated audio systems having a 90 
per cent, or better efficiency level. 

Finally, in some UHF frequency con¬ 
trol systems a subaudible tone must be 
transmitted to phase-lock the product 
detector of the receiver. A typical SSB 
crystal or mechanical filter does not 
pass frequencies closer to the carrier 
than 250 to 300 Hz without sacrificing 
sideband rejection. But with a phasing 
transmitter, there's no such problem, 
because there's no low frequency limi¬ 
tation to the audio signal transmitted. 
The system can handle modulation 
down to the DC level. 

The modern UHF SSB transmitter 


makes use of high-power FETs 
because of their high class C effi¬ 
ciency. A block diagram of part of the 
audio phase shift and modulation sys¬ 
tem is shown in fig. 1. The audio sig¬ 
nal is amplified and compressed and 
run through a bandpass filter. In the 
following buffer stage, the pilot or con¬ 
trol tones are added to the audio sig¬ 
nal. It then passes through a conven¬ 
tional audio phase shift network which 
provides two ports, separated by 90 
degrees in phase. A differential ampli¬ 
fier follows the network. The amplifier 
is temperature compensated by 
mounting the two units on a common 
thermal link so that stable and equal 
gain are achieved in the two chains. 

The audio signals are fed to a 
voltage-controlled astable multivibra¬ 
tor which has a resting frequency of 
100 kHz with a 50 percent duty cycle. 
This stage drives a monostable mul¬ 
tivibrator with a 10 microsecond reset 
time. With no modulation, these 
devices produce a square wave of 100 
kHz with a 50 percent duty cycle. Any 
change in the frequency of the voltage 
controlled multivibrator will result in 
the change in the duty cycle of the fol¬ 
lowing stage. 

The multivibrators drive switching 
transistors (Q1, Q2) that reproduce the 
driving signal at the appropriate power 
level. The output passes through an 
integrator (L,C) which provides an 
exact reproduction of the input audio 
signal applied to the system. A protec¬ 
tive diode (CR1) suppresses switching 
spikes that might damage the switch¬ 
ing transistors. 

The push-pull audio signals are fed 
to high level balanced modulators 
whose carriers are shifted 90 degrees 
in phase. The result represents cancel¬ 
lation of one sideband and reinforce¬ 
ment of the other. Upper or lower side¬ 
band can be chosen by reversing the 
audio phasing. 
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fig. 1. Pulse-width modulator for drain modulation of FET. Q1 is a high current switching 
transistor. 


For high frequency operation, the 
RF phase splitter employs conven¬ 
tional coil and capacitor circuits. 
However, in the UHF region, these are 
replaced by a stripline hybrid circuit for 
stability and simplicity. 

So the phasing system rises from 
the ashes to take part in today's explo¬ 
ration and utilization of the UHF front¬ 
ier. Amateurs will soon rediscover this 
old technique and put it to new uses, t 

the compact dipole: the 
general case 

In previous articles I've discussed 
coil-loaded, compact dipoles of 
interest to the Amateur who wants to 
operate on the HF bands but has 
limited antenna space. The designs 
shown, which placed the loading coil 
in the middle of the dipole leg, 
represent specific instances of the 
general case, where the loading coil (L) 
may be placed at any point in the 
dipole leg (fig. 2). 

There are good reasons why the 
loading coil is centrally located in a 
dipole element. If the coil is placed 
near the feedpoint, less inductance is 
required, but current in the coil is 
higher and losses are higher. If the coil 



is located near the dipole end, less cur¬ 
rent flows in the coil, but more turns 
are required, increasing coil loss. Theo¬ 
retically, if the coil were to be placed 
at the end of the dipole, the number 
of turns required would be infinite. 
(Efficiency aside, valid reasons may 
exist for placing the loading coil at 
some point in the dipole other than the 
center of the leg. It has been proven 
that feedpoint loading works well, 
even though loading coil efficiency 

t This material prepared and abstracted from "Technol¬ 
ogy Rejuvenates the Phasing SSB System," by Eric 
P. Nichols, in the August, 1985, issue of Microwaves 
& RF magazine, a Hayden Publishing Company month¬ 
ly publication. (Hayden Publishing Company, Inc., 10 
Mulholland Drive, Hasbrouck Heights, New Jersey 
07604). 


may not be the highest — but that's 
another story.) 

A good summary of dipole loading 
is contained in The ARRL Antenna 
Book in which a chart provides 
general design information for dipoles 
of various length and loading. 

For the case of the center-loaded 
leg, the ARRL chart may be simplified 
as shown in fig. 3 to indicate the reac¬ 
tance (Xl) required in a loading coil for 
antenna sizes ranging from 10 to 80 
percent of normal. The graph is quite 
linear in the center portion but departs 
from linearity at both extremities. 

As an example, assume a dipole 
only 100 feet long is needed for 3.8 
MHz operation. A normal-sized dipole 
(made of wire) at this frequency would 
be 123.16 feet (37.53 meters) long. The 
required dipole, then, would be 
100/123.16 = 0.81, or 81 percent the 
length of the regular dipole. This point 
falls just outside the right-hand edge 
of the graph, but the required loading 
coil reactance can be estimated as 
about 305 ohms. 

The inductance required is found by 
the formula: 


L ~ 6.28 • / 

where f is the frequency in MHz and 
L is the inductance in microhenries. 

A second example: assume a dipole 
is needed for 1.8 MHz operation, but 
can be only 40 percent the length of 
a full-size dipole, which would be 260 
feet. The compact dipole length would 
be 260 x 0.4 = 104 feet (31.69 meters) 
long. Finding 40 percent on the x-axis 
and tracing the point up to the curve 
and over to the y-axis indicates that 
the loading coil for this antenna should 
have a reactance of 1,300 ohms. The 
formula given above will convert this 
value into microhenries. 

Enterprising Amateurs have taken 
this whole concept and computerized 
it into a simple program so that once 
the antenna size is established in rela¬ 
tion to a full-size dipole, the inductance 
of the coil, the number of turns, and 
coil diameter can be quickly deter¬ 
mined for a center loaded element. 
How about that, computer fans? 
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fig. 3. Loading reactance as a function of antenna length (4). 


and now the bad news 

Every HF operator is thoroughly 
familiar with the "Russian Wood¬ 
pecker," the high power OTHB (over- 
the-horizon, backscatter) radars run by 
the Soviet Union. Repeated com¬ 
plaints about this obnoxious QRM 
generator have gone unheeded over 
the years. And now, I understand, the 
United States will soon have one run¬ 
ning. But tests conducted with an 
experimental American OTHB radar 
revealed that the final version will not 
be a QRM-blaster as the Russian one 
has proven to be. 

The American OTHB was discussed 
in some detail by O.G. Villard, Jr., 
W6QYT, writing in QST. 2 And the 
April, 1985, issue of Amateur Radio, 
the publication of the Wireless Institute 
of Australia, revealed that the proto¬ 
type of an Australian OTHB radar was 
built and tested in 1978. The radar is 
located in the general area of Alice 
Springs, with the actual transmitter 
some 60 miles to the northeast. It is 
reported that the installation has suc¬ 
cessfully tracked commercial aircraft 


flying along the air route from Singa¬ 
pore to Australia. The radar receiving 
antenna array, which includes 468 
pairs of broadband monopole 
antennas with each pair phased and 
sitting atop a very large ground mat, 
stretches over a distance of 1,7 miles 
(2.8 km). (That should be very effec¬ 
tive in a DX contest .) 

The power output of the transmit¬ 
ter is not disclosed, but it is reported 
to be over 400 kW. An array of verti¬ 
cally polarized log periodic antennas 
are used, with the beam steerable in 
azimuth. 

Received echo signals, which are 
very weak, are analyzed in a computer. 
Frequency shifts on the returned sig¬ 
nals caused by moving targets are ana¬ 
lyzed to give an indication of the tar¬ 
get speed. Thus the return signal from 
an aircraft is easily distinguished from 
a return signal from a small ship or 
other surface vehicle. 

A frequency surveillance system 
prevents transmitted signal from oper¬ 
ating on any occupied channel. The 
author of the article, Ian Hunt, of the 


Australian Department of Defense, 
writes that he "can state with certainty 
that the HF Amateur Radio bands are 
thoroughly protected in this manner. 
This fact...should make it obvious that 
statements (claiming) that OTHR sig¬ 
nals emanating from the Jindalee sys¬ 
tem are observed in the Amateur 
bands would be ill advised, alarmist, 
and irresponsible in nature." 

The OTHR system can track com¬ 
mercial aircraft for safety, keep track 
of military flights, detect unauthorized 
flights (such as used in drug smug¬ 
gling), and watch wave systems on the 
ocean to advise shipping of possible 
hazards. It can also be used for 
increasing the knowledge of the 
ionosphere and the study of long-haul 
propagation. 

how does the OTHR affect 
ham radio? 

The Australian OTHR appears to be 
a well-run project that promises to 
produce little interference to the vari¬ 
ous high frequency services, including 
Amateur Radio. It's comforting to 
know that this radar is programmed to 
avoid the Amateur bands. Good 
thinking! 

Pandora's box? 

The photographs of the Australian 
installations reveal the immense size of 
the project. Yet dollar-wise, it seems 
to be quite modest. It seems to me 
that Australia, unintentionally, may be 
pointing the way toward the day when 
any country with a few bucks and lots 
of open space can set up its own "do- 
it-yourself" backscatter radar system. 
The newcomers to the game may not 
be so charitably inclined as our Aus¬ 
tralian friends, and in a few years we 
could all be plagued by many world¬ 
wide backscatter radars, situated all 
over the globe and making HF commu¬ 
nications a thing of the past. 

references 

1. The ARRL Antenna Book, 14th edition, American 
Radio Relay League, Newington, Connecticut 06111, 
page 10-5, (figs. 9 and 10). 

2. O.G. Villard, Jr., W6QYT, "Over-the-Horizon or 
Ionospheric Radar,' QST, April, 1980, page 39. 
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broadband RF transformers 


Add fractional turns 
ratio techniques to your 
impedance matching arsenal 

Despite conventional wisdom, which holds that a 
transmission line transformer can be built only with 
integral turns ratios, it's entirely possible to build a 
practical 2:1 impedance change transformer — that 
is, a 1.5:1 turns ratio transformer. Many other frac¬ 
tions are also possible. But first let's review the evo¬ 
lution of RF transformers, keeping an eye out for some 
of the possible pitfalls along the way. 

basic transformer 

Consider a basic autotransformer, which has one 
winding, with a tap. If there are five turns from start 
to tap, and two more from tap to finish, then the input 
impedance from start to finish, assuming 25 ohms 
between start and tap, is (25 x 7 x 7)/(5 x 5), or 49 
ohms. This is within 2 percent of 50 ohms, so it could 
serve as a 2:1 transformer. 

leakage inductance 

Leakage inductance occurs when the flux from any 
part of a turn doesn't cut all of another turn. Leakage 
inductance is always present — it's just a question of 
how much. One might think that any flux that cuts 
the cores couldn't possibly contribute to leakage 
inductance, because it would then couple to the other 
turns. Thus many early transformer designs stressed 
placing the windings close to the cores. Note that by 
definition, both the primary and secondary have 
separate, and therefore probably unequal, leakage 
inductances. These leakage inductances limit the high 
frequency response because they are very real induc¬ 
tors in series with the transformer's leads. 

twisted and braided windings 

One might think that lowest leakage inductance is 
achieved when all the wires are wound tightly 
together. Imagine a rope consisting of five parallel 
strands of insulated wire twisted together. This rope 
is wound through a core for five turns only. Then a 
group of three of the strands are unwound one turn 
and then cut off, leaving two strands with five turns 
and three strands with four turns. The three four-turn 
strands are then connected in parallel to one another. 


These are in turn connected in series, aiding with both 
of the remaining five-turn windings. To summarize: 
from the bottom up, there are five turns in series with 
five turns to the tap, and then four turns to the top- 
end, producing a 14:10 ratio. 

Another idea is to use seven strands twisted 
together as a rope with only one turn of this rope 
around the core. Connect five of these turns in series 
out to a tap, then add the remaining two in series. In 
theory this method might offer the lowest leakage 
inductance of any construction, but I can't handle the 
rat-nest of splices and still keep the leads short! And 
both of these techniques ignore capacitive effects that 
limit high frequency response. 

transmission line 

As the primary and secondary wires are brought 
closer to each other, rather than closer to the core, 
their mutual inductance and capacitance increases. It 
then becomes easier to envision the pair of wires as 
a transmission line. At first one might think the extra 
capacitance would limit the high frequency response, 
but it doesn't. The capacitance and leakage induc¬ 
tance combine to make a transmission line. The closer 
the wires are, the lower the transmission line's 
impedance. Considering the windings as transmission 
lines is a useful conceptual aid. It is now the standard 
method for making RF transformers, because it leads 
to wider-bandwidth performance. The high frequency 
end is helped without affecting the low frequencies. 

bandwidth limitations 

A transformer's low frequency response is a func¬ 
tion of the type of core, its cross-sectional area, and 
the number of turns. The high frequency response 
depends on the inductance and the turn-to-turn capa¬ 
citance as well as the length of the winding. The limit¬ 
ing length occurs when the induced voltage of a sin¬ 
gle turn adds to the next turns' (voltage) at a 
significantly later angle. This equates to a transmis¬ 
sion line whose delay angle is determined by its length 
and velocity of propagation. The phase delay of the 
transformer limits its high frequency usefulness. 

balanced transmission lines 

Consider a pair of parallel conductors arranged so 
closely that when the current in one conductor flows 
in one direction, the current in the other flows in the 

By Will Herzog, K2LB, 406 Yarmouth Road, 
Rochester, New York 14610 
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fig. 1. 4:1 impedance change tubing transformers: {A). 
connected as a transformer; (B) and (C), connected as 
an auto-transformer. 


opposite direction. (Both are equal in magnitude.) This 
allows their magnetic fields to cancel out as soon as 
one is outside the space between the wires. As long 
as the currents are equal, the magnetic field does not 
need to intercept the cores. The inter-wire space also 
has an electric field due to the potential difference 
between the wires. The electric field diminishes as 
soon as one is away from the wires several times their 
spacing, especially if a material with a high dielectric 
constant is between the wires. Consequently, elec¬ 
tromagnetic field propagates between the wires and 
transmission line theory applies. The uncoupled mag¬ 
netic lines result in a leakage inductance, analogous 
to a transmission line unbalance which results in line 
radiation. 

transmission line impedance 

The impedance of a transmission line is sometimes 


defined as the square root of the ratio of inductance 
per unit length divided by the capacitance per unit 
length. If one has inductance and capacitance meters, 
this can be measured easily by shorting the output end 
of the transmission line and measuring the inductance 
at the other end. Capacitance is measured directly 
after the short is removed. Measurements are taken 
at a frequency in which the line length is less than 1/10 
of a wavelength. Divide the Henries by the Farads and 
take the square-root of this ratio to get the impedance 
of the transmission line in ohms. A vector impedance 
meter can be used to measure the line impedance by 
varying the frequency at about the 1/8 wavelength 
point until the magnitude of impedance stays the same 
as the other end of the line is alternately shorted and 
left open. The phase swings from inductive to capaci¬ 
tive; its amount is ignored. The surge impedance can 
be read directly. 

We must be able to identify every conductor with 
a mate carrying current in the opposite direction, 
resulting in the absence of an external magnetic field 
and consequently small leakage inductance. However, 
even this procedure is difficult, since the capacity of 
each wire is not only to every adjacent wire(s), but also 
to ground; and the currents in parallel conductors still 
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must be kept equal and opposite for each sub¬ 
grouping of closely spaced conductors. 

This means that every wire can have several indi¬ 
vidual characteristic impedances, each of which 
should be constructed to provide the same impedance 
as obtained by dividing voltage by current, or Z^. is 
determined by wire size, spacing, insulation, and num¬ 
ber of conductors. The ultimate limit in high frequency 
response is the physical length of all the turns, consi¬ 
dered as a percentage of its electrical wave length. 
There's another paradox here: if one looks at it as a 
conventional transformer, the induced voltage of each 
turn must be the same because the flux is changing 
at the same time in each turn. However, with trans¬ 
mission line analysis, there isn't any external field, so 
it's much easier to see that it's the total length that 
counts. 

tubing transformers 

Tubing transformers, now very popular in transis¬ 
tor transmitters, use two parallel sections of metal tub¬ 
ing electrically connected at one end. The free ends 
of the tubing have terminals. The tubing itself can then 


be used as part or all of one of the windings, or the 
tubing may simply be grounded to serve as an elec¬ 
trostatic shield for the cores. Cores of ferrite or pow¬ 
dered iron are threaded onto the exterior of the tubes 
to increase the low frequency inductance. Wire is then 
run through the interior of the tubing to make the other 
windingfs). The wires can come out at either the ter¬ 
minal ends of the tubing or at the common connected 
end; it makes no difference. The wires must make a 
complete turn, so the turns ratio is again always an 
integer. Figure 1A shows a 12.5 to 50-ohm trans¬ 
former. Figures IB and 1C show a similar construc¬ 
tion, connected as an autotransformer to transform 
12.5 to 50 ohms. 

If a transformer similar to the one shown in fig. 1C 
were used to transform a 25-ohm resistor to 50 ohms 
by tapping up on the winding or tubing to get a frac¬ 
tional turn, the results would be poor (see fig. 2A.) 
In fig. 2B arrows indicate the direction of the currents. 
Note that T2's and T4's currents are in opposite direc¬ 
tions canceling the magnetic fields. But T1 's and T3's 
currents are in the same direction! This means that 
the fields can't cancel, so instead of a transmission 
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fig. 4. {A) Pictorial and (fi) schematic representation of 
another 2:1 impedance change transformer construction 
in a "figure-eight" configuration. 


line, we have a very good inductor — just what we 
don't need because it limits the high frequency 
response. 

split the winding 

Yes — you can use fractional turns and still have 
a transmission-line type device. The key is to add an 
extra winding that's mostly in parallel with the first so 
that two separate windings exist. The first winding has 
an extra half turn; the second winding skips that half 
turn and picks up the remaining half turn. Then the 
pair will function just like a single winding with a half¬ 
turn, but without a flux or current unbalance! Each 
of the two windings carries half as much current as 
the single winding did before it was split into two wind¬ 
ings, so they can be made of smaller wire. (See figs. 
3A and 3B.) 

The fractional turn transformer in fig. 3 has a turns 
ratio of 7:5, which gives an impedance ratio of 49:25. 
The secondary has two windings in parallel: T1 
through T5, in five sections; and T6 through T10, also 
in five sections. The primary has seven sections 


because it adds Til and T12 to the secondary's five 
sections. Thus if one counts the complete turns, it's 
a three-and-a-half-turn to two-and-a-half-turn trans¬ 
former! Note that the T5 end and T6 end are longer 
leads, but that their currents flow in opposite direc¬ 
tions, and the voltage between them is the secondary 
voltage; thus they can be envisioned as a transmis¬ 
sion line. The fields are balanced in one direction 
because the currents are equal/and opposite, so the 
net ampere-turns is zero. It works well. 

ampere-turn and Z 0 analysis 

To see this balancing action more clearly, consider 
that for the amp-turns to be zero, the current total of 
T2, T4, T6, T8, and T10 must equal T12's. Let's 
assume 25 volts across the secondary load resistor, 
so the output current is then 1 ampere. The power out 
is (25x251/25.51 = 24.5 watts. From symmetry, the 
voltage across each of the "T" sections must be equal 
to each other, and since there are five in 
series across the secondary, each section has 5 volts. 
The total voltage input across the seven sections is 
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9 MHz CRYSTAL FILTERS 


MODEL 

Appli¬ 

cation 

Band¬ 
width Poles 

Price 

XF-9A 

SSB 

24 kHz 5 

$53.15 

XF-9B 

SSB 

2 4 kHz 8 

72.05 

XF-9B-01 

ISB 

2.4 kHz 0 

95 90 

XF-9B02 

USB 

2.4 kHz 0 

95.90 

XF-9B-10 

SSB 

2 4 kHz 10 

125 65 

XF-9C 

AM 

3 75 kHz 0 

77 40 

XF-9D 

AM 

5.0 kHz 0 

77.40 

XF-9E 

FM 

12.0 kHz 0 

Tl 40 

XF-9M 

cw 

500 Hz 4 

64 10 

XF-9NB 

CW 

500 Hz 0 

95 90 

XF-9P 

CW 

250 Hz 0 

131.20 

XF-910 

IF noise 

15 kHz 2 

17 15 


10.7 MHz CRYSTAL FILTERS 


WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 


Export inquiries Invited. 

Shipping $3.50 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands 


RECEIVE 

LINEAR 


CONVERTERS 

TRANSVERTERS 

MMM691-137 

$259.95 

MM11296-144G 

$329 95 

MMk 1296-1440 

159.95 

MMx 1260-144 

259 95 

MMC439-ATV 

94,95 

MMI435-20(S) 

299.95 

MMc432-20(s) 

MMC144-28(HP) 

79.95 

MMI432-20JS) 

279.95 

84 95 

MMM44-20(R) 

319.95 

MMc 144*20 

64.95 

MM1144-20 

189 95 


LINEAR POWER AMPLIFIERS 


2M- 


70cm 


MML144-30-LS 

$109 95 

MML432-30-L 

$219 95 

MML144-50-S 

i4g.95 

MML432-50 

199.95 

MML144-100-S 

209 95 

MML432-100 

379,95 

MML144-100-LS 

249.95 


... 

MML144-200-S 

399 95 


V. \ 


ANTENNAS 


U 


183 

$69 95 

LOOP YAGiS 



1260-LY 

$49.95 

$39.95 

1296-LY 

49.95 

64.95 

1691-LY 

59.95 

94.95 

order loop yagi connector extra 


2M: 

10XY-2M 

70cm 

7O/MBM20 

7O/MBM40 

7O/MBM00 


Send 66« {3 stamps) lor lull details til all our VHF 7, UHF equipments ami KVG crystal 
products mmmmm 

Stripping. FOB Concord. Mass mmmm 
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L1UID Engraved 10 Badge $2.50 
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then 35 volts. If we assume a lossless transformer, 
there must be 24.5 watts input. The input impedance 
is, then, equal to (35)(35)/24.51 = 50 ohms. The input 
current in T12 and Til must therefore, from Ohms 
law, equal (35 volts) /(50 ohms) = 0.7 amperes. Like¬ 
wise, the current out of the transformer is (25 
volts)/(25.51 ohms) = 0.98 amperes. Since T5 and 
T6 are in parallel and symmetrical, the current flow¬ 
ing through each of them is equal and is: I = (I out— I 
in)/2 or (0.98—0.7) = 0.14 amperes. 

Because we know all the currents, we can now cal¬ 
culate the amp-turn balance. Again, refer to the direc¬ 
tion of the arrows in fig. 3B, noting that T2 plus T4, 
plus T6, plus T8 plus TIO's currents must equal T12's. 
Five times the 0.14 ampere = 0.7 ampere, which was 
T12's current, verifying that the net external flux is 
zero. 

The impedance of the T5-T6 lead transmission line 
should be 25 volts divided by 0.14 ampere or 178.6 
ohms. Spacing the leads in the air can achieve this. 

heat problems 

Note that the tubing, which is the largest conduc¬ 
tor, is used for the section of the transformer that car¬ 
ries the most current. This is good news. The bad 
news is that if high power operation is required, one 
finds that the hot spot is the ferrite cores, not the wind¬ 
ings, which heat because of dielectric loss in the cores. 
The electric field is high on the cores because the tub¬ 
ing is at the highest RF voltage and the transformer 
is mounted near a chassis ground. Thus another novel 
technique, resulting in longer life at high power, 
evolved. 

A tubular transformer, shaped as a figure-eight, was 
developed. This transformer allowed placing the leads 
closer together, eliminating the external line section, 
and permitting the tubing to work both as a better 
electrostatic shield and as the half-turn winding, 
thereby allowing the tubing to be placed near the chas¬ 
sis ground potential. The highest potential between 
the tubing and the cores is only a half-turn's worth, 
because it is now also used as the split turn. Note that 
in fig- 4, two labels are provided on each wire. These 
two quarter-turns are hereafter referred to as one half¬ 
turn. The turns of the secondary are W9 in parallel with 
W10, which serve as the half-turn, plus W7 and W8, 
W5 and W6. This makes a two-and-a-half-turn secon¬ 
dary. The primary totals three-and-a-half-turns 
because it adds to the secondary W3 plus W4 in 
parallel with W1 plus W2. The top primary turns are 
split into two paralleled sections because it carries the 
most current, and because physically W1-W2 and 
W5-W6 can be close-spaced to make one transmis¬ 
sion line, and W3-W4 and W7-W8 are close-spaced 
to make a second transmission line. 

ham radio 
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is improved 
by increasing 
element lengths 


optimizing 

a Yagi trigon reflector 
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fig. 1. The NBS trigonal reflector uses 0.25 inch (0.635 
cm! diameter elements R1 = R2 = 0.456 wavelength, 
R3 = 0.473 wavelength on a non-conducting boom. 


*An Apple-readable version of the MININEC code can be obtained by send¬ 
ing a blank floppy disk to: Dr. Edmund K. Miller, L-153, Lawrence Livermore 
National Laboratories, P.O. Box 5504, Livermore, California 94550. 


One of the most valuable sources of Yagi antenna 
designs is NBS Technical Note 688.' In addition to the 
seven measured and patterned Yagis fully discussed, 
it also includes suggestions for further enhancing Yagi 
designs. 

One of the suggestions presented is the use of a 
three-element (trigon) reflector to increase the gain of 
the 4.2 wavelength Yagi. The trigon provided a stated 
0.75 dB gain increase for this Yagi, representing the 
maximum increase obtainable by using more than one 
reflector. The 4.2 wavelength Yagi was the only Yagi 
with which this type of experiment was performed. 2 

Because the possibility of obtaining more gain from 
the six shorter Yagis was intriguing, it was pursued 
with the same Yagi computer model I described in sev¬ 
eral previous ham radio articles. 3 But analyzing the use 
of parasitic elements not in the same plane with other 
Yagi elements would have required extensive modifica¬ 
tion to the model's code; to avoid that chore, I chose 
to use other software capable of modeling elements 
in multiple planes. 

At the 1983 and 1984 Dayton Hamventions, Dr. 
James Breakall, WA3FET/6, described his use of the 
Numerical Electromagnetics Code (NEC) as the basis 
for his presentations on Yagis, dipoles, and vertical 
antennas. A complex FORTRAN software system, 
NEC requires a mainframe for execution. A shorter ver¬ 
sion, MININEC, is written in BASIC and is designed 
specifically for execution on microcomputers.* For 
those familiar with MININEC, the entire NBS series 
of Yagis was modeled using both eight and 18 seg¬ 
ments per element. However, to speed the modeling 
process, trigon Yagis were stated in terms of eight 
segments per element. 

By Stanley Jaffin, WB3BGU, 800 Stonington 
Road, Silver Spring, Maryland 20902 
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fig. 2. E plane plot of NBS 0.2 wavelength, 2-element Yagi 
measured at 400 MHz. Notice in this and in figs . 3 through 
75 the pattern amplitudes are normalized. Maximum 
response occurs at boresight (0 degrees) and is labeled 
0 dB. 


Table 1 contains a summarized comparison of the 
published NBS findings, the WB3BGU model, 
MININEC, and pattern integration based on the radia¬ 
tion patterns in reference 1.* The differences in gain 
figures are due to the different pattern integration code 
executed in each of the two models. Even slight varia¬ 
tions in the overall pattern can affect how a single lobe 
(the main lobe) is defined in terms of the overall pat¬ 
tern. An examination of the seven E-plane and seven 
H-plane patterns resulting from each method of anal¬ 
ysis (not shown) indicates a high degree of qualitative 
agreement. In many instances the MININEC patterns 
were more indicative of nuances in the NBS plots than 
the WB3BGU model. Reference 1 states that the 
original gain figures are accurate to within 0.5 dB, 
meaning that the NBS baseline is not exact. This is 
in part due to the fact that the NBS Yagis were meas¬ 
ured for gain on one range but patterned on another. 5 
The lack of pattern symmetry indicates that the range 



table 1. Comparative gain and F/B figures for the NBS Yagi family. Note: NBS Technical Note 688 did not specify exact 
F/B measurements. The NBS F/B figures are taken from the cartesian plots provided for each Yagi. 

pattern 


NBS Yagi antenna 

NBS 

WB3BGU 

MININEC-8 

MININEC 18 

integration 

boom in 

number of 

gain 

F/B 

gain 

F/B 

gain 

F/B 

gain 

F/B 

gain 

wavelengths 

elements 

IdBi) 

(dB) 

IdBi) 

(dB) 

IdBi) 

(dB) 

IdBi) 

(dB) 

(dBi) 

0.2 

2 

6.71 

6 

6.70 

6.71 

6.62 

7.28 

6.58 

7.90 

6.71 

0.4 

3 

9.15 

8 

9.15 

12.07 

9.27 

11.82 

9.47 

11.97 

9.62 

0.8 

5 

11.35 

15 

10.71 

22.71 

10.69 

24.53 

10.93 

20.76 

11.41 

1.2 

6 

12.35 

19 

11.75 

19.05 

11.67 

19.11 

11.97 

27.88 

12.64 

2.2 

12 

14.40 

23 

14.00 

30.47 

13.75 

22.68 

13.99 

36.43 

14.28 

3.2 

17 

15.55 

24 

15.22 

24.06 

14.99 

22.55 

15.20 

27.82 

15.47 

4.2 

15 

16.35 

22 

15.70 

19.26 

15.38 

21.21 

15.72 

21.93 

16.22 
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used for patterning may not have been totally free of 
reflecting surfaces. Nevertheless, MININEC's calcu¬ 
lated gain, F/B, and patterns can be considered to be 
very good replications of the NBS findings. 

the NBS trigon reflector 

Reference 1 provides a list of the multiple reflector 
arrangements NBS examined during the trigon evalua¬ 
tion. Maximum gain, the sole criterion in selecting the 
trigon configuration, is used as the main criterion in 



evaluating the modeled trigons. As is the case for all 
other NBS parameters, an element diameter of 0.25 
inches, a design frequency of 400.0 MHz, and a non¬ 
conducting boom apply. The stock NBS trigon is 
shown in fig. 1. 

The 4.2 wavelength Yagi was modeled with the 
stock trigon. A significant reduction in both gain and 
F/B resulted. The first experiment involved varying the 
trigon element lengths (spacing was held constant) in 
order to achieve maximum gain. All three trigon ele¬ 
ments were iterated over a range of plus and minus 
0.015 wavelengths, in increments of 0.001 wave¬ 
lengths. Increased gain correlated with increased 
trigon element length, reaching a calculated maximum 
with simultaneous extensions of 0.009 wavelengths. 
These iterations were repeated for each of the re¬ 
maining six Yagis. Table 2 contains the results of 
replacing the 0.2 wavelength Yagi's single 0.482 wave¬ 
length reflector with the stock (0.000 increment) trigon 
and successively incremented trigons. For this Yagi 
only, the 0.007 increment produces the maximum cal¬ 
culated gain. Figures 2 and 3 contain the E- and H- 
plane plots for the original single reflector 0.2 
wavelength Yagi. Figures 4 and 5 contain these same 
plots using the stock trigon, and figs. 6 and 7 present 
these same plots for the gain maximizing 0.007 incre¬ 
ment trigon. For comparison, figs. 8 and 9 do like¬ 
wise for the 0.008 increment trigon, resulting in a 
minimal reduction in calculated gain but an increase 
of 0.77 dB in F/B ratio. 

Either of the two incremented 0.2 wavelength Yagi 
versions would be useful as a single HF (7 MHz in par¬ 
ticular) array or as a building block in a VHF/UHF col- 



fig. 7. H-plane plot of 0.007 wavelength extended length 
trigon reflector and driven element Yagi measured at 
400 MHz. Calculated gain equals 7.4S dBi and F/B 
equals 6.43 dB. 
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table 2. Gain and F/B calculations resulting from iterat¬ 
ing the trigon reflector on the 0.2 wavelength NBS Yagi. 


increment in 

gain 

F/B 

wavelengths 

(dBi) 

(dB) 

0.000 

6.42 

0.76 

0.001 

6.54 

0.99 

0.002 

6.69 

1.33 

0.003 

6.87 

1.85 

0.004 

7.07 

2.64 

0.005 

7.26 

3.75 

0.006 

7.40 

5.10 

0.007 

7.45 

6.43 

0 008 

7 44 

7.34 

0.009 

7.40 

7.66 

0.010 

7.34 

7.58 

0.011 

7.29 

7.32 

0.012 

7.25 

7.03 

0.013 

7.22 

6,79 

0.014 

7.20 

6.59 

0.015 

7.18 

6.45 


linear array. At 7 MHz a relatively short 25-foot boom 
would yield a high gain Yagi with good sidelobe struc¬ 
ture. At VHF/UHF this same array serves as a relatively 
high performance building block for collinear arrays. 
In table 3 the seven NBS Yagis are compared in terms 
of their respective single reflector versions and three 
trigon variations: stock, gain maximized, and F/B max¬ 
imized. With the exception of the 0.2 wavelength Yagi, 
maximum gain occurs when each trigon element is 
extended 0.009 wavelengths from its stock length. 
With the exception of the 0.4 wavelength Yagi, cal¬ 
culated F/B maximas occur at even longer extensions. 
The 0.4 wavelength Yagi achieved both calculated 
maximas with the 0.009 extensions, and had the only 
single frequency F/B maxima. 


table 3. Comparative performance calculations for the NBS Yagis with three specified sets of trigon reflectors. Note: 
Column 2 includes two additional elements in the trigon reflector. Column 1 shows the original Yagi length. 


NBS Yagi antenna 

Basic 

boom in 

number of 

gain 

wavelengths 

elements 

(dBi) 

0.2 

4 

6.62 

0.4 

5 

9.27 

0.8 

7 

10.69 

1.2 

8 

11.67 

2.2 

14 

13.75 

3.2 

19 

14.99 

4.2 

17 

15.38 


Yagi 

stock trigon 

gain 

maximum 

trigon 

F/B 

gain 

F/B 

gain 

F/B 

(dB) 

(dBi) 

(dB) 

(dBi) 

(dB) 

7.28 

6.42 

0.76 

7.45 

6.43 

12.07 

6.57 

4.17 

9.28 

30.91 

24.53 

8.79 

7.15 

10.82 

17.01 

19.11 

10.18 

6.03 

11.92 

12.39 

22.68 

12.05 

8.55 

13.90 

16.34 

22.55 

13.44 

9.69 

15.16 

18.23 

21.21 

13.86 

9.27 

15.67 

18.53 


F/B maximum 

F/B maximum 

trigon 

trigon 

gain 

F/B 

increment 

(dBi) 

(dB) 

(dBi) 

7.39 

7.66 

0.009 

9.28 

30.91 

0.009 

10.62 

25.53 

0.014 

11.73 

14.73 

0.015 

13.81 

18.91 

0.013 

15.10 

19.70 

0.013 

15.63 

19.44 

0.011 


fig. 8. E-plane plot of 0.008 wavelength extended length 
trigon reflector and driven element Yagi measured at 
400 MHz. 



fig. 9. H-plane plot of 0.008 wavelength extended length 
trigon reflector and driven element Yagi measured at 
400 MHz. Calculated gain equals 7.44 dBi and F/B 
equals 7.34 dB. 
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fig. 10. E-plane plot of 4.2 wavelength, 15-element Yagi 
that uses a single reflector. 


Figures 10 and 11 illustrate E- and H-plane plots for 
the single reflector 4.2 wavelength Yagi. In figs. 12 
and 13 a stock trigon reflector is used. In figs. 14 and 
15 the 0,009-wavelength extended reflector length gain 
optimized version is plotted. For the first 80 degrees 
in the E-plane plot, the stock trigon actually improves 
the suppression of the minor lobes. This is also true 
for the first 55 degrees of the H-plane plot, but at the 
expense of gain, F/B, and other minor lobe levels in 
both planes. The gain maximizing 0.009 wavelength 
extensions provide the clean pattern normally 
associated with this Yagi, and additional 0.34 dB in 
gain, and further (1-2 dB) reduction of the first few 
minor lobes in both the E- and H-plane plots. While 
calculated F/B is reduced, the resulting first minor lobe 
permits an increased stacking distance and hence 
more incremental gain from a stack. As reference 1 
did not report any patterns from the trigon experiment, 
it is not known whether NBS noted these other im¬ 
provements along with increased forward gain. 

validating the 
calculated trigon findings 

Several questions about the validity of these 
calculated findings versus the published NBS findings 
arise. There is a measurable difference between the 
4.2 wavelength trigon Yagi's calculated performance 
and what is given in reference 1. As NBS did not pro¬ 
vide plots for this Yagi, even qualitative comparisons 
cannot be directly made. There is still the issue of the 
trigon's dimensions. Use of the stock element lengths 


»«-r 



fig. 11. H-plane plot of 4.2 wavelength, 15-element Yagi 
that uses a single reflector. Calculated gain equals 15.38 
dBi and F/B equals 21.21 dB. 


fig. 12. E-plane plot of 4.2 wavelength, 15-element Yagi 
that uses a stock trigon reflector. 


results in degrading the 4.2 wavelength Yagi's per¬ 
formance as well as that of the six others. 

Before these iterations were begun, Joe Reisert, 
W1 JR, had performed extensive analyses based on the 
use of a trigon reflector of the 2.2 and 3.2 wavelength 
NBS Yagis on an antenna range. 6 He found that for 
these two Yagis the stock trigon reflector reduced the 
measured gain by just over 1.6 dB, and that a nominal 
gain increase of nearly 0.2 dB over the single reflec¬ 
tor Yagi could be obtained by lengthening all three 
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reflector elements by approximately 0.008 wave¬ 
lengths. Trigon element spacing remained constant. 
These empirical findings are in very good agreement 
with the MININEC calculations in table 1. Gunter 
Hoch, DL6WU, has reported similar gain findings for 
a broad range of multiple element reflector arrange¬ 
ments. 7 While there is no reason to doubt that Peter 
Viezbicke, W0NXB, the author and principal investi¬ 
gator for the experiments reported in reference 1, 
actually measured what was reported, it is unfortunate 



fig. 13. H-plane plot of a 4.2 wavelength, 15-element Yagi 
that uses a stock trigon reflector. The calculated gain 
is 13.86 dBi and the F/B equals 9.27 dB. 


J1-> 



fig. 14. E-plane plot of a 4.2 wavelength, 15-element Yagi 
that uses gain optimized trigon reflector lengths. 


that neither subsequent empirical experiments nor 
mathematical modeling can exactly reproduce these 
well known findings. 

conclusions 

The trigon reflector can provide increases in 
(calculated) gain for all seven NBS Yagis. For the 0.2 
wavelength Yagi this increase is at its maximum value. 
For the 0.4 through 3.2 wavelength Yagis, this increase 
is mostly nominal. For the 4.2 wavelength Yagi used 
to develop the trigonal reflector, the increase is more 
pronounced, but less than initially reported. For all 
NBS Yagis it is necessary to use reflector element 
lengths (with spacing held constant) longer than the 
stock lengths reported in reference 1. The stock 
lengths severely reduce the performance level of any 
NBS Yagi on which they are used. 

Reference 1 presents a series of design curves in 
its table 21 for converting director and reflector 
elements to other diameter-to-wavelength ratios. 
Mathematical analysis indicated that reflector curves 
for trigon elements that were drawn parallel to the 
curves for single reflectors would result in accurate 
conversions. As is the case with the other curves, 
these trigon curves had to be drawn through the point 
of intersection between 0.0085 wavelengths in diam¬ 
eter (X axis) and the trigon element's optimal length 
on the Y axis. This was confirmed by reference 6. A 
more recent and easier to read version of these curves 
had been found, and with the trigon curves is pre¬ 
sented as fig. 16. 8 These curves can now be used ex¬ 
actly in the same fashion as the other design curves. 



fig. 15. H-plane plot of a 4.2 wavelength, 15-element Yagi 
that uses gain optimized trigon reflector lengths. The 
calculated gain is 15.67 dBi and the F/B equals 18.53 dB. 
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The procedure for compensating for the diameter of 
a conducting boom is the same as for other NBS Yagi 
elements. 

A great deal of experimentation can still be per¬ 
formed on the NBS Yagi antenna. Whether performed 
on an antenna range or by computer iteration, the 
results should be presented so that all Radio Amateurs 
can benefit from these experiments. 
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Easy-to-build coax-stub filters 
help reduce both harmonics 
and intra-station interference 


trapping stubborn harmonics 


When you're trying to eliminate interference caused 
by harmonics, you have to stop the offending signals 
at the transmitter before they're radiated. In such 
multi-transmitter situations as Field Day and contests, 
harmonic interference can mean the difference 
between an interference-free operation and endless 
arguments over doing who's doing what to whom. By 
placing a coax stub filter at your transmitter's output, 
you can reduce harmonics at the source. What's more, 
coax-stub filters can also help reduce harmonic- 
induced TVI. 

a simple solution 

What makes coax-stub filters an easy solution to the 
problem is their simplicity; all you need is some coax 
and a few connectors. And stub filters don't have any 
coils to wind or capacitors to tweak. They don't require 
a sweep generator or network analyzer to tune. Just 
trim the stubs to length with the aid of a noise bridge. 

Table 1 lists the HF Amateur bands and the filter 
combinations you can use to eliminate harmonics and, 
in the case of 20 meters and 15 meters, intra-band 
interference and front-end overload in your receiver. 
Each filter consists of one or two stubs. 

how they work 

A half-wave, single-stub filter acts as a subharmonic 
filter by introducing a short circuit into the transmis¬ 
sion line at the frequency it's an open-circuited quarter- 
wave for. At the frequency for which the stub is a half 
wave, it looks like an open circuit and passes the 
desired signal. 

A quarter-wave, single-stub filter acts as an even- 
harmonic filter by introducing a short circuit into the 



transmission line at the frequency it's a half-wave- 
length for. At the frequency for which the stub is a 
quarter wave, it looks like an open circuit and passes 
the desired signal. Because a shorted quarter-wave 
stub traps even harmonics, the 160-meter and 80- 
meter bands need just one filter each to trap all har¬ 
monics that fall in the Amateur bands below 30 MHz. 

Some of the stubs introduce reactance on the line. 
In these cases, a second compensating stub tunes out 
the reactance by introducing an equal and opposite 
reactance. (The net effect is analogous to a parallel- 
resonant LC circuit; at resonance, the inductive and 

By Robert M. Clarke, N1RC, 150 Stimson 
Street, West Roxbury, Massachusetts 02132 
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table 1. HF Amateur bands and filter combinations 
used to eliminate harmonics. 


stub filter 1 needed to prevent interference to 


band 

160 

80 

40 

20 

16 

10 

160 

X 

±-S 

L s 

L s 

L s 

x _ s 



4 

4 

4 

4 

4 

80 

X 

X 

— s 

X - s 

L. s 

L. s 




4 

4 

4 

4 

40 

X 

X 

X 

L s 

X_o© 

L s 





4 

12 

4 






Lo® 

6 


20 

X 

X 

X 

X 

■Lo® 

6 

h- s 

4 






*_S® 







12 


15 

X 

X 

X 

L.o® 

8 

X 

X 





8 



10 

X 

X 

X 

X 

X 

X 


S = short-circuited stub 0 = open-circuited stub 

Notes: 

1. Electrical wavelength (feet) * 984 )L = )L * (meters) 

where V = velocity factor ' * 

f * frequency in MHz 

2. This stub is a quarter-wavelength on 15 meters. 

3. This stub is a quarter-wavelength on 20 meters. 

4. Compensating stub. 

5. TVI prevention. 


capacitive reactances cancel.) In general, what you do 
to tune a filter is adjust the half- or quarter-wave stub 
by itself and then add and trim the compensating stub. 

trimming to length 

Figure 1 shows the test setup used to trim the stub 
filters. To make a filter, cut the stubs to the lengths 
listed in table 1 and add 10 percent to allow for varia¬ 
tion in the velocity factor of the coax. Put a connec¬ 
tor on one end and open or short-circuit the free end 
as required by table 1. 

In adjusting the stubs, you have two cases to deal 
with: open-circuited half-wave stubs and short-cir¬ 
cuited quarter-wave stubs. Trim the open-circuited 
stub, at the center frequency of the band for which 
it is a half-wavelength, until the noise bridge reads 
50-ohms resistance with zero reactance. 

For case of the shorted stub, trim it in the same way 
on the center frequency of the band on which it is a 
quarter wave. This trimming may simply involve mov¬ 
ing a shorting pin down the cable until you reach the 
50-ohm point. Remember that what you're really doing 
in this exercise is establishing an integral number of 
quarter-wavelengths of coax — by short- or open-cir¬ 
cuiting a stub, you can treat it as a half- or quarter- 
wave on a convenient frequency — to arrive at the 
right length. 


50 OHM 
TERMINATION 



STUB 

FILTER 


fig. 2. If you need a compensating stub, tune the receiver 
to the operating band (for example, 40 meters, after the 
stub has been tuned as a 15-meter quarter-wave), add 
the compensating stub, and then trim the compensat¬ 
ing stub as before. Some compensating stubs are open 
circuited, some are short-circuited, so be careful which 
one is used. 


When you add a compensating stub (see fig. 2), 
trim its length to bring the noise bridge reading to 
50-ohms resistance. This trimming adjusts the com¬ 
pensating stub's reactance to cancel out the filter 
stub's reactance. 

velocity factor varies 

Electromagnetic energy travels more slowly in a 
dielectric than it does in free space. The velocity fac¬ 
tor is a constant that scales wavelength to reflect the 
media in which the energy is traveling. Because air is 
essentially free space, open-wire line with its air-dielec¬ 
tric has a velocity factor of 0.97. 

Foam-dielectric coax is mostly air, so its velocity fac¬ 
tor is about 0.8. In contrast, solid-dielectric coax, con¬ 
taining practically no air, has a velocity factor of 0.66. 
One word of caution: although foam-dielectric coax 
has less loss than solid-dielectric coax, its velocity fac¬ 
tor varies with the amount of air in the foam. Conse¬ 
quently, the velocity factor can vary from roll to roll 
or from section to section of coax within the same roll. 
Don’t assume the velocity factor for any two pieces 
of foam coax is the same. Always allow extra length 
in a stub before trimming it to size. 
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L-band ground wave 

propagation program 


Update your VHF/UHF 
propagation program 
to include three 
additional ham bands 

The increasing popularity of VHF/UHF communi¬ 
cations has prompted us to expand our computer pro¬ 
grams, described previously in ham radio, to include 
three additional ham bands. 1 If you have a working 
copy of the VHF propagation prediction program list¬ 
ed in our earlier article, you can easily update it to in¬ 
clude the 1215-1300, 2300-2450, and 3300-3500 MHz 
ham bands by using the modifications described 
below. 

L-band propagation data 

The data for propagation predictions we used is 
taken from the ESSA Technical Report. 2 The curves 
from which we derived the L-band data are for 1.6 GHz 
(1600 MHz), but the program scales any input fre¬ 
quency from 1.0 to 3.5 GHz by a 20 log (f/fR EE ) fac¬ 
tor to accomodate all three ham bands within this fre¬ 
quency range. Although the original program included 
ground-to-air and air-to-air data, we have included only 
ground-to-ground data here, since most of you will 
not be working these bands aeronautical mobile. 

entering the program 

It's not necessary to type the entire new program 
into your computer. 

If you have a Commodore 64 or 128PC, you can eas¬ 
ily add the new data to your old program. First load 
your old program, then type the new lines listed in fig. 
1, hitting < RETURN > at the end of each new line 


typed. The BASIC editor will automatically replace the 
old line numbers in the program with the new ones, 
and the new data lines (4000-4610) will be automati¬ 
cally added to the end of the program. Now save the 
new program to either tape or disk (using a new pro¬ 
gram name such as "Propagation V2.0"), and you 
have a propagation program covering 100 MHz 
through 3.5 GHz. 

Changes to the TI-99/4A program are similar, but 
because of the limited RAM in this computer, you'll 
need a separate program for each band (see previous 
article). Load your VHF program and then do the fol¬ 
lowing: 

• Delete the VHF data (lines 2005-2610) 

• In lines 14, 38, and 430, change "VHF" to"L-BAND" 

• In lines 38 and 426, change "100" to "1000" 

• In lines 40 and 428, change "175" to "3500" 

• In line 70, change "GOSUB 2005" to "GOSUB 4005" 

• In line 258, change "100-175" to "1000-3500" 

• In line 424, change "125" to "1600" 

Now add the L-band data statements (lines4005-4610) 
from the Commodore program listing in fig. 1 and save 
your new program. 

If you've entered our previous program into another 
brand of computer, make the appropriate changes for 
your computer. 

using the programs 

Use of the new version is no different than use of 
the previous VHF/UHF programs, except that only 
ground-to-ground data has been included. 1 (When the 
program is running and you're asked to select your 
antenna height from the menu, select only heights of 
25, 50, 100, or 500 feet.) 

By Lynn A. Gerig, WA9GFR, R.R. #1, Mon 
roeville, Indiana 46773, and Joseph R. Hennel, 
4316 Winston Drive, Ft. Wayne, Indiana 46806 
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10 PRINTCL* .-PRINT' VHF/UHF/L-BAND PROPAGATION PROGRAM 
14 PRINT:PRINT" V2.0 C 1985 BY 

50 PRINTCL*:PRINT'THIS PROGRAM CALCULATES EXPECTED RANGES 
52 PRINT-FOR VHF <100-175 MHZ) UHF <225-400 MHZ) 

54 PRINT-AND L-BAND <1-3.5 GHZ). APPROXIMATE 

100 PRINTCL*"PRESS <V> FOR VHF, <U> FOR UHF, OR <L> FOR L-BAND':PRIMT 

108 IFF*=’L“THENPRINT"ENTERING L-BAND DATA*:GOSUB4000:GOT0200 
110 GOTO 102 

300 PRINTCL*?:IFF*<>-L-THEN PRINTF*"HF PROPAGATION; FREQ ='F'MHZ 

301 IFF* = -L‘THEN PRINT‘L-BAND PROPAGATION: FREQ =-F'MHZ 
4000 FI=1600:FL=1000:FU=3500:REM L-BAND DATA 

4005 H*< 1, 1) = *140010175024190050200088224208 
4010 H*< 1, 2) = ’140012175028190057200092225212 
4015 H* < 1, 3) = *140014175032190060200098225218 
4020 H*< 1, 4) = ’140030175045190070200106225225 
4080 H*< 2, 2) = '130009175030190060200095230240 
4085 H*< 2, 3)='130010175035190065200100230245 
4090 H*< 2, 4) = ’135027175052190078200110230258 
4150 H*< 3, 3)=’130015175040190065200105230250 
4155 H*< 3, 4)='135035175055190078200120230260 
4215 H*< 4, 4)=’135040136050175067195100235300 
4610 RETURN 

fig. 1. BASIC LIST of Commodore 64 program changes. 


If you don't wont to moke these changes yourself, or if you want 
a verilied copy of the entire program (including the ground-to-air and 
airdo-air data), send a blank tape or formatted disk (tape only for 
the Tt version! with a stamped, sell-addressed return mailer and a 
check or money order lor S5.00. If you want a full program listing, 
send an SASE (with 2 first-class units of postage) and $1.00. Send 
all Commodore requests to Lynn A. Gerig, and all Tl requests to 
Joseph R. Heimel, at the addresses listed at the beginning of this 
article. 
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designing Yagis 

with the Commodore 64 


Add screen enhancements 
to original WA3EKL program 

Last summer, ham radio published WA3EKL's arti¬ 
cle, “Designing Yagis with the Commodore 64" (June, 
1985, page 59). While running this technically excel¬ 
lent program, it occurred to me that certain features 
could be added to the program to enhance the quali¬ 
ty of the visual display. 

As is, the program may be confusing — for ex¬ 
ample, when the primary input of the frequency is sug¬ 
gested, input appears at the lower boundary of the 
screen and breaks into the next line, while the upper 
part of the screen continues to display the unneces¬ 
sary data. 


table 1. Summary of Commodore graphics commands. 

When you see bracketed commands 1 ] in the instruc- 

tions. press 
brackets'. 

the keys as indicated. Do not type in 

[CLR] 

Press SHIFT & CLR HOME 

[5 SPC] 

Press SPACE BAR five times, or as 
many times as indicated by the number 

[RVS ONI 

Press CTRL » 9 

IRVS OFF] 

Press CTRL & 9 

[4 DOWN] 

Press CRSR DOWN four times, or as 
many times as indicated by the number 
shown. 


Figure 1 lists WA3EKL's program, with the gener¬ 
al sections rewritten to provide highlighted informa¬ 
tion and clear data input screens. Table 1 provides 
a summary of Commodore graphics commands, to 
simplify recall of specific symbols. 

Just follow the instructions step by step and you'll 
enjoy an "easy on the eyes" computer program that 
will allow you to ignore the program and concentrate 
instead on the dimensions of your next antenna 
project. 

instructions 

Load your previously typed WA3EKL program from 
disk or cassette, but do not run the program. Then 
type in the enhancement program. 

Note that the numbered lines of the enhancement 
program will automatically replace the existing lines 
of the WA3EKL program memory. Some new lines 
have also been added. 

Spacing is important. Type each line exactly as 
shown. You'll notice that some words are run to¬ 
gether; this is intentional — doing so places them in 
the proper location on the screen. 

You'll have to use the symbol ? instead of typing 
PRINT for some lines to get the computer to accept 
the long line. (See your copy of The Commodore 
User’s Guide.) 

Line 80 changes the screen/border/letter colors. If 
you like the standard blue, omit all the POKE state¬ 
ments, and type in only PRINT "[CLR]". 

When you've finished typing, save the enhanced 
program under a new name of your choice. 

By Fred A. Sontag, N0CAO, Lake Farm, Rt. 1, 
Box 47, Tebbetts, Missouri 65080 
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80 POKES32B0,13:P0KES3SB1,11:PQKE646, 7: PRI NT ’’ C CLRD ” 

100 PRINT”••••••* MONOBAND ANTENNA DESIGN •***•••*”:PRINT 

106 IFC$-"N”THEN311 
10B PRINT:PRINT”CCLRD" 

110 PRINT"THIS PR06RAM WAS WRITTEN USING THE 

111 PRINT"FORMULAS PUBLISHED IN 1980 HAM RADIO 

HE PRINT"MAGAZINE AND WRITTEN BY W2PU WHO PROUED MATHEMATICALLY AND EXPERIMENTA 
LLY 

114 PRINT"THAT ANTENNA ELEMENT RESONATE FREQUENCY LENGTH IS NO SIMPLE CALCULATIO 
N” 

116 PRINT"ESPECIALLY WHEN TAPERED ELEMENTS AREC4 SPCDINUOLUED.” 

130 PRINT”•••••• MECHANICAL RECOMMENDATIONS •***••”:PRINT 

140 PRINT"20 METER BOOM SHOULD BE 3 OR 4 INCH” 

141 PRINT"DIAMETER ALUMINUM IRRIGATION PIPE” 

1S0 PRINT"DEPENDING ON LENGTH.” 

160 PRINT"ELEMENTS SHOULD BE TAPERED SEGMENTS FROM1 1/4 INCH TO 1/2 INCH” 

1B4 PRINT“CDOWN3” 

185 PRINT:PRINT”TO CONTINUE INSTRUCTION PRESS CRUS ONDRETURNCRUS OFFDINPUTIS 
1B6 PRINT”CCLRD” 

190 PRINT:PRINT”10—15 METER BOOMS SHOULD BE MADE 0FC5 SPCD2 INCH ALUMINUM IRRIGA 
TION PIPE. 

200 PRINT"ELEMENTS SHOULD BE TAPERED FROM 7/8 INCHTO 5/8 INCH DIAMETERS OF” 

215 PRINT"FOR MAXIMUM FRONT TO BACK RATIO USE 1/4 WAUELENGTH BOOM ON A 3 ELEMENT 

220 PRINT”BEAM AND 3/4 WAUELENGTH BOOM ON A 4.5C3 SPCDOR 6 ELEMENT BEAM.” 

225 PRINT”EQUALLY SPACE ALL ELEMENTS ALONG THEC4 SPCDBOOM REGARDLESS OF LENGTH.” 
230 PRINT"FOR A GOOD 2 ELEMENT BEAM USE A B00MC4 SPCDLENGTH OF .150 WAUELENGTH.” 
240 PRINT-FOR A GOOD 3 ELEMENT BEAM USE A B00MC4 SPCDLENGTH OF .300 WAUELENGTH.” 

244 PRINT"C4 DOWND” 

245 PRINT:PRINT"TO CONTINUE INSTRUCTION PRESS CRUS ONDRETURN!RUS OFFD”;:INPUTIS: 
PRINT”CCLRD” 

250 PRINT:PRINT"IMPORTANT ALL TOTAL LENGTH DIMENSIONS!3 SPCDWILL BE ELEMENT HALF 
LENGTH,” 

2SS PRINT-MEANING THE LENGTH OF THE ELEMENTC7 SPCDMEASURED FROM THE BOOM OUT TO 
THE" 

260 PRINT"TIP OF THE ELEMENT.ENTER ELEMENT SEBMENTLENGTHS AND DIAMETERS JUST” 

270 PRINT-CWHICH CROSSES OUER THE 800MDT0 THEC5 SPCDSMALLEST DIAMETER SEGMENT AT 
THE" 

27S PRINT"ELEMENT TIP. THE OBJECT IS TO ADJUST THEORIGINAL SEGMENT LENGTHS SO” 
2B0 PRINT”THAT THE TOTAL EQUIUALENT LENGTH ISC5 SPCDEQUAL TO OR UERY CLOSE TO TH 
E” 

285 PRINT"NORMALIZED LENGTH FOR THE PARTICULAR!4 SPCDELEMENT YOU ARE WORKING ON. 


289 PRINT”!3 DOWND” 

290 PRINT:PRINT”TO CONTINUE INSTRUCTION PRESS CRUS ONDRETURNCRUS OFFD”;:INPUTIS 

291 PRINT”CCLRD” 

295 PRINT”WHEN THE COMPUTER ASKS FOR INFORMATIONC2 SPCDCDOWNDCRUS OND-ENTER IN T 
HE INFORMATION-CRUS OFFD” 

296 PRINT 

300 PRINT“THEN PRESS CRUS ONDRETURNCRUS OFFD - NOTHING WILL HAPPEN CDOWNDUNTILC2 
SPCDYOU PRESS CRUS ONDRETURNCRUS OFFD” 

301 PRINT 

305 PRINT”IF NOTHING HAPPENS IMMEDIATELY.WAIT - CDOWNDCRUS OND THE COMPUTER MA 

Y BE THINKING!CRUS OFFD” 

309 PRINT”!9 DOWND” 

310 PRINT:PRINT”TO START CALCULATIONS PRESS CRUS ONDRETURNCRUS OFFDINPUTIS 

311 PRINT”CCLRD” 

450 PRINT:PRINT”ENTER CENTRAL DESIGN FREQUENCY IN MHZ”;:PRINT"CDOWND”:INPUTCDF 

470 PRINT”ENTER NUMBER OF ANTENNA ELEMENTS 2,3,4,5 OR 6”;:PRINT”CDOWND”:INPUTP 

490 PRINT”ENTER BOOM DIAMETER";:PRINT”CDOWND”:INPUTBD 

500 PRINT”ENTER NUMBER OF ANTENNA SEGMENTS”;:PRINT”CDOWND":INPUTN 

550 PRINT:PRINT”ENTER CIN INCHES) LENGTH OF SEGMENT”;:PRINT”CDOWND”:INPUTA 

570 PRINT-ENTER CIN INCHES) DIAMETER DF SEGMENT";:PRINT"CDOWND”:INPUTB 

970 PRINT:PRINTS”INCHES-TOTAL EQUIU.LENGTH 

972 PRINT:PRINT"HARDCOPY CY/N)";:PRINT"CDOWND" 

980 PRINT-WANT TO CHANGE A SEGMENT LENGTHCY/N)”;:PRINT”CDOWND”:INPUTBS 
1001 PRINT"CDOWND" 

1130 PRINT"ENTER NEW SEGMENT LENGTH CIN INCHES)”;:PRINT”CDOWND”:INPUTU 


3030 PRINTRS 
3040 PRINTDE 
3050 PRINTDR 


•INCHES-NORMALIZED REFLECTORC20 SPCD1/2 LENGTH” 
"INCHES-NORMALIZED DRIUEN EL.C19 SPCD1/2 LENGTH” 
•INCHES-NORMALIZED DIRECTORSC20 SPCD1/2 LENGTH” 


4000 PRINT:PRINT"CRUS ONDPLEASE WAIT . I’M THINKINGCRUS OFFD’ 


READY. 


fig. 1. Yagi design screen enhancement program listing. 
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table 1: Variations in the 10 percent, 90 percent ratio from median MUF values. 




ratio interval 


latitude 

season 

- % day + % 

-% night 

+ % 

70 

Winter 

27 

29 

26 

34 


Equinox 

25 

27 

30 

35 


Summer 

19 

18 

22 

20 

50 

Winter 

16 

13 

19 

23 


Equinox 

24 

21 

24 

21 


Summer 

22 

19 

19 

17 

30 

Winter 

13 

15 

22 

27 


Equinox 

17 

14 

21 

22 


Summer 

20 

23 

21 

20 

20 

Winter 

16 

19 

25 

33 


Equinox 

14 

14 

24 

31 


Summer 

19 

19 

24 

26 

10 

Winter 

12 

15 

23 

27 


Equinox 

13 

15 

24 

25 


Summer 

16 

21 

24 

27 



DX FORECASTER 

Garth stonehocker, koryw 


MUF patterns and trends 

For years computer programs have 
been used to provide the engineering 
(design) and operating maximum 
usable frequencies (MUF) necessary 
for a radio link between communica¬ 
tions stations. These calculations 
define the equipment design and oper¬ 
ation based on the minimum and max¬ 
imum of sunspot cycle (years), season 
(months), and night and day (hours) 
for the transmission distance involved. 
The calculated hourly MUF is statisti¬ 
cally based on the middle value 
(median) available during the month. 
There are variations from this median 
value throughout the month. The 10 
and 90 decile values of the distribution 
are 15 percent under and over the 
median value for 27 days (90 percent) 
of a 30-day month. The 90 percent reli¬ 
ability figure is achieved by using a fre¬ 
quency 15 percent below the median 
value. Radio Amateurs can use the 15 
percent above MUF median value, 
which should be reliable 10 percent of 
the time or three days a month. 

A study has been done on the ratios 
(10 and 90 percentiles) to the median 
MUF. The largest variations in these 
distributions are diurnal and seasonal. 
Table 1 summarizes some of the re¬ 
sults in terms of percent below (- %) 
and above (+ %) for day and night 
deviations for three seasons (Winter, 
Equinox, and Summer) at propagation 
control point latitudes. 

Interestingly, the daily MUF or foF2 
making up the distribution in a monthly 
median is precisely the daily or next- 
day value forecasters are trying to 
determine. Some patterns and trends 
are worth noting. Nighttime variations 
from the median MUF are greater than 
daytime variations. The midlatitudes 


show lower variations and these vari¬ 
ations rise as one approaches the 
equator because of the geomagnetic 
equator. The variations increase 
toward high latitudes (because of the 
geomagnetic pole-auroral oval) during 
the night. The equatorial effect is more 
noticeable in winter and equinox than 
summer. This helps explain and con¬ 
firm observed transequatorial DX 
openings to the southern hemisphere. 
However, in the daytime when ion 
production is more stable the MUF dis¬ 
persion decreases from high latitudes 
(70 degrees) all the way to the low lati¬ 
tudes (10 degrees). 

At the high latitudes the increased 
MUF dispersion reflects the influence 
of solar wind particles coming into the 
ionosphere at the auroral oval around 
the geomagnetic poles. This is the 
region where short time variations 
occur (QSB), and low signal strengths 
associated with geomagnetic storms 
are received. Propagation on east-west 
paths to Europe and Japan are those 
mostly affected. However, this iono¬ 
spheric movement also causes unusual 
propagation openings to occur. This 
high-latitude MUF increased distribu¬ 
tion dispersion should be sunspot 
number-sensitive and next month's 
column will look at that. 

last-minute forecast 

The higher frequency bands (10-30 
meters) are expected to be very good 
during the first and last weeks of the 


month. Don't look for too much in this 
winter season because the 27-day solar 
cycle isn't a big increase even though 
the ionosphere has increased sensitiv¬ 
ity, as discussed last month. Little 
enhancement from geomagnetic field 
disturbances of transequatorial propa¬ 
gation (openings) is expected, since 
January is one of the most geomag- 
netically stable months of the year. 
The lower frequency bands will be best 
during the middle of the month. Low 
noise and signal absorption work 
together to make excellent signals, 
even out of the weak DX. However, 
abnormally weak signals (the winter 
anomaly) might be received for a few 
days this month on high midlatitude 
east-west and north directed paths. 

Lunar perigee occurs on the 8th, 
with a full moon on the 26th this 
month. An intense but short-duration 
meteor shower, the Quadrantids, will 
occur between January 2nd and 4th 
and last a few hours. 

band-by band summary 

Ten, twelve, fifteen, and twenty 
meters will be open from morning to 
early evening almost every day, and to 
most areas of the world. The openings 
on the higher of these bands will be 
shorter and will occur closer to local 
noon. Transequatorial propagation on 
these bands will more likely occur 
toward evening during conditions of 
highest solar flux and a disturbed 
geomagnetic field. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal'' hours. 
•Look at next higher band for possible openings. 
















































































































































































































































































































































































































































































































































































































































































ENGINEERING PROGRAMS 
FOR THE IBM-PC 


RF CAD ELECTRONICS DESIGN C70 
PROGRAM - Version 3.51 

by Joe Relsed. W1JR and Gary Flald. WA1GRC 
Far IBM PC and compatible computers 
This software package has been written by electronic 
engineers and contains nearly JO tested and proven 
programs that will help the Radio Amateur or engi¬ 
neer design many common types ol radio circuitry 
Emphasis has been placed upon ease of use. Wher¬ 
ever possible, menus of choices with examples are 
displayed. Should the user be computer literate, the 
programs are not copy protected so Ihey can be 
modified to meet your specific requirements, (full 
documentation is also provided.) Programs include. 
Fillers, LC. active- LP. HP. BP. Inductor design, lor- 
roid. solenoid, straight wire; Matching networks: 
Crystal oscillators; Microstrip; Transmission lines; 
Antennas. Yagi-Uda, helix, dish. horn, element scal¬ 
ing; Pi and T attenuators. Also included; Radio Path 
(Calculations: FM modulation analysis. Miscellaneous 
conversions; Geostationary satellite pointing; Moon 
tracking aids; Receiver noise figure calculations and 
Spurious receiver response prediction Requires IBM- 
PC with al least one floppy drive and 128k of RAM 
«’ 1985 

I IRF CAD $39.95 


Please enclose $3.50 
to cover shipping, handling. 


harn.- 

nadm 


magazine 


© RF NOTES - IBM-PC 

by John Simmons, W6MDI 

Here's an easy way lo get answers for often asked elec- 
WA1GRC Ironies questions. Both volumes contain programs written 
by RF consulting engineers thal answer a number of very 
important questions often asked by Hams. Monochrome 
ilectromc an( j co | or versions available Written in Basic A and fully 

proven menu ppyen. Graphics card and 128K memory required. 

rcuiby Volume 1 

Wher- Contains: dB conversions, lo convert voltage, current or 
lies are Power levels lo dB; dBm conversions, converts voltages or 

ate the power levels to dBm and dBm to voltage or power, VSWR 

n be calculations, calculates VSWR and return loss when both 

rfujl reflected and incident powers are known; Filter design. 14 

nclude different Tiller configurations including schematics (6 low 

ign. lor- pass. 4 high pass. 2 band pass and 2 band elimination cir- 

irks'; cuits; Basic Microstrip and strip line design. Resonant Cir- 

lines; cuits. design parallel and series resonant circuits, pi. 

:nt scat- capacitive and inductive impedance divider circuits. 

iio Path I IE-RF1 (Monochrome) IBM-PC $59.95 

laneous I IE-HF1C (Color) $59.95 

>ns°and Volume 11 

res IBM- Th ' s P r0 9 ram covers Attenuator pads, calculates constants 

if RAM lor E,5ven different pad configurations (all with circuit dia¬ 
grams.) Inductors, Inductance in a single length of wire. 

$33 35 single tayer coils, both close and wide space wound and 
Torroidal coil design that gives automatic selection of wire 
size and torroidal form. Capacitors, calculates sell resonant 
tfff\ frequencies, determines optimum bypass values and de- 
fjjgd coupling applications. Impedance Matching Networks, 
including, L. pi. T and series L configurations. 

I IE-RF2 (Monochrome) IBM-PC $59.95 

I IE-RF2C (Color) $59.95 

BOOKSTORE 

Greenville, NH 03048 


Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con¬ 
ditions will resemble those on 20 
meters. Skip distances and signal 
strength may decrease during midday 
on days that coincide with the higher 
solar flux values. Nightime DX will be 
good except after days of high MUF 
conditions and during geomagnetic 
disturbances. Look for DX from 
unusual places on east, north, and 
west paths during this time. The usa¬ 
ble distance is expected to be some¬ 
what less than 20 in daytime and 
greater than on 80 at night. 

Eighty and one-sixty meters will exhibit 
short-skip propagation during daylight 
hours and lengthen for DX at dusk. 
These bands follow the darkness 
regions opening to the east just before 
your sunset, swinging more to the 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn on the path of your 
interest. The 160 meter band opens 
later and ends earlier than 80. 

ham radio 


\ — For more ihon 40 yeon we 

\gWM\ have been serving the amateur 

community with QUALITY PRODUCTS and 
DEPENDABLE "S-E-RVI-C-E" and, we fully intend to 
carry on this proud tradition with even MORE new 
product lines plus the same "fair" treatment you've 
come to rely on. Our reconditioned equipment is of the 
finest quality'with 30. 60 and even 90-day parts and 
lobor warranties on selected pieces. 

And, remember... 

— WE SERVICE WHAT WE SELL — 


&ed? 


SELECTION 


SERVICE 


SATISFACTION! 



•rnfm <*• 


AMATEUR CENTER 


AEA 

AMECO 

AMERITRON 

ANTEK 

ARRl 

ASTRON 

ANTENNA 

SPECIALISTS 

B&W 

BENCHER 

BUTTERNUT 

CUSHCRAFT 

DIAWA 


DRAKE 

ENCOMM 

HUSTLER 

ICOM 

JANEL 

KANTRONICS 

RDK 

KIM 

LARSEN 

MFJ 

MINI-PRODUCTS 

MIRAGE 


MOSELET 

NTE 

PALOMAR 
RADIO CALLBOOK 
ROBOT 
ROHN 

TELEX / HYGAIN 
TEN-TEC 
TRIOKENWOOD 
UNADILLA / REYCO 
YAESU 



'AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER" 

SELL-TRADE 

New & Reconditioned 

Ham Equipment 

Call or Write Us Today For a Quote! 

You’ll Find Us to be Courteous, Knowledgeable 
and Honest 

PHONE (605) 886-7314 




Write today for our latest 
iBulletin/Used Equipment List. 


P.O. Box 73 
208 East Kemp 
Watertown, SD 57201 


AEA AMT-1. REGULARLY $479.95 

NOW ONLY $299.95 

THE AMTOR TERMINAL UNIT!!! Works with any 
ASCII terminal or personal computer with a terminal 
program. Also works RTTY, CW, ASCII. 

ORDER YOURS TODAY! Limited quantities. 
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products 


Complete Novice 

"The Complete Novice" is a new package 
from Gordon West that contains everything the 
beginner needs to pass the Novice test. 

Packaged in a large transparent vinyl hang- 
bag. "The Complete Novice" contains the fol¬ 
lowing study materials: four stereo code learning 
tapes, two stereo Novice class theory cassettes, 
a copy of ARRL's Novice theory book, the ARRL 
FCC Rule Book, a brass telegraph key, a solid- 
state code practice oscillator, including battery 
and hook-up wires, instructions for proper code 
sending, a list of the 200 FCC Novice test ques¬ 
tions, a copy of FCC Form 610 plus VEC Ex¬ 
aminer lists, a confidential written exam and ten 
5-WPM tests for the examiner, and complete test 
instructions to the Volunteer Examiner. 

The Complete Novice is available from Ham 
Radio's Bookstore or from Radio School, Inc., 
2414 College Drive, Costa Mesa, California 
92626. The price is $49.95 plus $5.00 for shipping 
and handling. 

Circle 4312 on Reader Service Card. 


newest accessories 
for Kenwood HT 

An extra-life battery pack and an AC operated 
quick-charger for the Kenwood TH-Series 
pocket transceivers are now available. 

The PB-21 H is an extra-life 500 mAH NiCad 
battery pack measuring just half an inch more 
than the standard PB-21 battery pack, and 
weighs only 6.5 ounces. (The standard PB-21 
NiCad pack is rated at 180 mAH.) 

The new BC-6 is an AC-operated, two-pack 
quick-charger that doubles as a DC power 
source for the TH-Series radios. The BC-6 can 
fully charge either the standard PB-21 or the new 
extra-life PB-21H in just one hour. The two-pack 
quick-charger comes complete with an adapter 
cable so you can operate your HT while the bat¬ 
tery packs are charging. 

For further information, contact Trio Kenwood 
Communications, 1111 West Walnut Street, 
Compton, California 90220. 


MFJ Enterprises, inc. 

The new MFJ-818 automatic digital 
SWR/Wattmeter from MFJ Enterprises, Inc., is 
unique in several ways. First, it's digital, with 
easy-to-read, 1 /2 inch bright-orange digits on the 
SWR display. But more importantly, MFJ-818 
is automatic. It eliminates three steps in read¬ 
ing SWR: switching to set, setting the meter 
needle for full-scale deflection, and switching 
back to SWR 1:1 to 9.9:1 directly and instan¬ 
taneously. There's no need to adjust the SWR 
set knobl 

The MFJ-818 reads up to 200 watts RF out¬ 
put on its LED bar graph disply. The 12-bar LED 
display indicates the "On Air" power level ins¬ 


tantly and correctly to read instantaneous peak 
power. The unit features a tri color indicator that 
lights up to show the antenna matching condi¬ 
tion: green for good, yellow for "not very good," 
and red for a mismatched condition. 

Despite all the features packed into this model, 
it measures only 5-1/2 x 4-1/4 x 1 inches and 
retails for only $89.95 each. Like all MFJ 
products, the MFJ-818 carries a one-year uncon 
ditional warranty. In addition, if you order directly 
from MFJ, you get a 30-day money back guar 
antee: if you're not completely delighted, just 
send the SWR/wattmeter back within 30 days 
for a full refund (less shipping). For information, 
contact MFJ Enterprises, Inc. P.O.Box 494, 
Mississippi State, Mississippi 39762 

Circle 4310 on Reader Service Card. 

ICOM IC-1271A 1.2 GHz 
transceiver 

ICOM has announced the IC-1271A full- 
featured base station transceiver. With cover¬ 
age from 1240 to 1300 MHz, the IC-1271A fea¬ 
tures 10 watts of RF output power, 32 memories, 
scanning and multi-mode operation including 
ATV (Amateur TV). 



Additional features include front-end GaAs 
FETs for exceptional' receiver sensitivity; 
CW/FM/upper and lower SSB; scanning 
(memory, program or mode scan); and 12 VDC 
or 117/240 VAC operation (optional). The sug¬ 
gested retail price is $999.00. 

Options include the TV-1200 ATV interface 
unit, IC-EX310 voice synthesizer, UT-15S 
CTCSS encoder/decoder and IC-PS2513.8 VDC 
internal power supply. 

For further information, contact ICOM Ameri¬ 
ca, Inc., 2380 116th Avenue, N.E., Bellevue, 
Washington 98009-9029. 

Circle 4311 on Reeder Service Card. 


new Jensen catalog 

A new 160-page catalog of hard-to-find tools, 
service kits, and test equipment is offered free 
by Jensen Tools Inc. Illustrated in full color, this 
catalog contains more than 1000 items, includ¬ 
ing an expanded line of circuit board equipment. 

To obtain a free copy, contact Jensen Tools 
Inc., 7815 South 46th Street, Phoenix, Arizona 
85044. 

Circle 4309 on Reader Service Card. 
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REDIFART 

SURPLUS TUBE LIST 

P.O. BOX 10293 
DALLAS, TEXAS 75207 
214/747-7346 


DESCRIPTION 

PRICE 

DESCRIPTION 

PRICE 

OA2 

1.35 

6GK6 

2.00 

2E26 

3.75 

6H56 

2.50 

3828 

6.25 

6J6 

2.25 

4CX150A 

25.00 

6SH7 

2.25 

50C5 

1 70 

6TF4 

22.00 

5663 

4,00 

6W6 

2.00 

5749 

2.00 

6087 

3 15 

5847 

6.80 

6201 

1.90 

6AC7 

2.50 

6360 

4.00 

6AG7 

2.05 

6662 

1.15 

6AL5 

2 22 

6676 

1 00 

6AN4 

2 50 

12AU7 

.80 

6AQ6 

1.45 

6907 

35.00 

6AS5 

4.50 

7AB 

3.75 

6AU6A 

2 95 

7C7 

3.75 

6AX4GTB 

5.65 

7054 

2.10 

6BC4 

3 15 

7058 

1.50 

6BH8 

2.18 

7061 

2.20 

6BL8 

1.70 

7167 

1.95 

6BW4 

2.75 

7360 

6.50 

6C4 

2.30 

7716 

2.25 

6CB6 

2.23 

7868 

1 95 

6CH8 

2.44 

866A 

4.75 

6CM6 

2.00 

8102 

1.75 

6CX8 

2.44 

8348 

1 25 

6DJ8 

1.25 

8595 

16.OU 

6DZ4 

1.60 

I2A85 

1 60 

6DT8 

1 60 

12AT6 

1.60 

6D10 

1.90 

12AU7 

1.65 

6EU7 

2.10 

12BE6 

1 80 

6EW6 

5 15 

1284 A 

6.60 

6GE5 

3.00 

8624 

65.00 

6GW8 

7.00 

2D21 W 

1.75 

6J4 

2.25 

3B25 

8.00 

6L6GL 

3.25 

4-125 

40.00 

618 

1 41 

5AQ5 

6.00 

6V4 

6.00 

5651 

1 75 

6X8 

2.50 

5686 

3.50 

6155 

42.50 

5814 

1 90 

6285 

4.00 

6AB4 

2.25 

6660 

1.00 

6AG5 

1.90 

6664 

1.00 

6AK6 

90 

6678 

1 00 

6AM8A 

2 65 

6897 

65-00 

6AN8 

3.60 

7A7 

3.75 

6AR5 

9.00 

7B7 

3.75 

6AU5 

2.25 

7V7 

3.00 

6AW8 

2.85 

7056 

1 50 

6BA8A 

2.05 

7060 

2.50 

6BE6 

5.50 

7094 

60.00 

6BD6 

1.65 

7271 

60-00 

6BS8 

1.60 

7701 

3.75 

6C10 

1 75 

7724 

1.75 

6CB5 

2.15 

829B 

18 00 

6CG7 

1.90 

8077 

2 00 

6CL8 

3.42 

8167 

120.00 

6CS7 

1.90 

8505A 

43.00 

6C30 

1 1 00 

9002 

3 25 

6GHA8AG 

1.65 

12AQ5 

1.75 

6EA8 

2.70 

12AV7 

2.04 

6EA8 

5.85 

12BH7 

6 00 

6EB8 

2.50 

I2BY7 

5.10 

6EY7 

1 85 

12X4 

1.00 

6FV8 

2.00 

2021 

112 

GGN8 

2 80 

2050A 

2.25 

6HS8 

2.50 

35W4 

5.00 

6KE8 

8.60 

100TH 

62.50 

6SK7 

3.00 

5R4G 

1.75 

6U8 

3.00 

5678 

4.50 

6X4 

1.75 

5751 

2.00 

6B6 

1.75 

5963 

1,90 

6252 

45.00 

6AF4 

2.20 

6397 

7.50 

6AK5 

1.55 

6663 

1 00 

6AM4 

2 24 

6677 

1 00 

6AN5 

2.40 

6688 

4.50 

6AG7 

2.52 

7A6 

3.75 

6AS6 

2.50 

705 

3.75 

6AU8 

2.76 

7H7 

3.75 

6BA6 

1.20 

7055 

2.25 

6CE5 

1,70 

7059 

1.95 

6BJ6 

2.70 

7077 

46.00 

6BN6 

1 80 

7258 

2.20 

6BZ6 

2.75 

7377 

40.00 

6CA4 

3.00 

7717 

2.25 

6CE5 

1.69 

816 

7.50 

6CL6 

3 95 

8058 

12.00 

6CM8 

1.80 

8136 

1.25 

6CY5 

2.45 

8458 

15.00 

6DS4 

4.80 

8883 

45,00 

6DT6 

1.70 

I2AL5 

2.23 

6DV4 

3.65 

I2AT7 

3.21 

6EM5 

2 15 

123A7 

1.50 

6EU8 

1.80 

I2BR7 

2.50 

6FG5 

2.50 

12DW7 

2.50 


REDIPART „„ 

• Tubes are from surplus stock. 

• Do not carry a warranty. 

• Send check or money order. 

• American Express, MasterCard or VISA 



products 



new software from Fluke 

John Fluke Mfg. Co., Inc. has announced a 
new software package that links an IBM PC, XT 
or AT with the Fluke 2400B Intelligent Computer 
Front End. ProLink PC'* Program Development 
Package simplifies creation of data acquisition 
and control applications that, once developed, 
are executed on the 2400B, freeing the host PC 
for other tasks. 

The package's main benefit is the ability to 
turn an IBM PC to that one task. ProLink allows 
the PC to download ils application program to 
the 2400B. The Fluke 2400B in turn handles all 
A/D conversions, linearizations, limit checking 
and data buffering. 

The friendly programming environment pro¬ 
vides a set of menu choices that allows the oper¬ 
ator to create and edit 2400B measurement and 
control programs using menu selection. Menu 
choices allow programs to be downloaded to and 
retrieved from the 2400B. Additional menu 
choices allow the user to check programs for 
errors and execute these programs while 
monitoring 2400B variables and data on the PC's 
screen. Up to 100 channel systems can be sup¬ 
ported by this system. The user can also select 
the desired IBM serial port, set the port charac¬ 
teristics, or exit to PC-DOS, 

ProLink PC contains everything needed to get 
an IBM-PC and 2400B working together. In¬ 
cluded is a floppy diskette, manual, and RS-232- 
C cable. ProLink PC can be ordered immediately. 


with a normal delivery time of six weeks. The 
price of the ProLink PC package is $450. 

For additional information, contact John Fluke 
Mfg. Co., Inc., at P.O. Dox C9090, Everett, 
Washington 98206. 

Circle 1308 on Reader Service Card. 


new phone patch 

A unique phone patch has been introduced 
by the Heath Company, one of tire world's lar¬ 
gest manufacturers of high technology kit 
products. The HD-1515 Phone Patch kit employs 
a unique design and special speech transmission 
circuits to transfer audio signals between a tel¬ 
ephone line and two-way radio equipment. 

New active circuitry uses automatic gain con¬ 
trol to help compensate for the varying attenu¬ 
ation introduced by different line lengths or loop 
distance on the external phone circuit. The in¬ 
tegrated active speech and transmission circuit 
also allows the Phone Patch to be directly con¬ 
nected to the phone line, thereby eliminating 
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conventional hybrid transformers that convert 
4-wires to 2-wires. 

A high degree of electrical isolation from the 
radio equipment makes the Heathkit Phone 
Patch ideal for voice-operated installations. In 
addition, the transmission can be monitored on 
the phone line. An 8-pole filter in the input cir¬ 
cuit makes the Patch compatible with all sub¬ 
scriber loop-frequency voice standards as 
prescribed by the FCC. 

For information contact Heath Company, 
Dept. 150-575, Benton Harbor, Michigan 49022. 

Circle /301 on Reader Service Card. 


film simplifies 
making PCBs at home 

Anyone who's ever made a PCB at home 
knows that applying the etch resist takes 
patience, skill, and experience. 



But TEC-200 1 " Image Film, a special plastic 
film available from Meadowlake, simplifies the 
process to three easy steps: first, the desired cir¬ 
cuit pattern is photocopied directly from any 
magazine or book, using a sheet of TEC-200 film 
in the paper tray of any standard "plain paper" 
copier that uses toner. The high heat resistance 
of TEC-200 and the quality of modern photo¬ 
copiers result in excellent reproduction with 
minimal pattern distortion. 

Next, the photocopied circuit pattern is trans¬ 
ferred to a piece of copper-clad board using a 
hot iron. The toner deposited on the photocopy 
melts and forms a varnish-like, acid-proof, etch- 
resist coating. Just remove the film from the 
board, and the board is ready for etching. 

For information about TEC-200 Image Film, 
contact The Meadowlake Corporation, 25 Blan¬ 
chard Drive. Northport, New York 11768. 

Circle /302 on Reader Service Card. 


curlycode™ 

Minds Eye Publications has announced a new 
publication: Curlycode'", a new way to learn 
Morse code. 

Not "just another code course" but instead 
a new learning experience, it lets you become 
familiar with all the characters in one quick read¬ 
ing of the manual. It shows you how to let the 
rhythm of the code build shapes that you see 
in your mind's eye. Each sound adds to the 


shape you already “see," so you never have to 
change your mind about the shape. Each shape 
is the character, so you can write it down 
instantly. 

The beginner will remember most of the 
shapes without any study because only eight 
basic shapes are needed to know half of every¬ 
thing and nearly all the lettersl Remember two 
additional endings for each shape and you'll 
know all 61 characters. 

If you're already an expert, you’ll find Curly 
code an exciting new way to increase receiving 
speed. With a little practice, you may soon find 
the Curlycode shapes forming automatically in 
your mind's eye at practically any speed. 

The price of the full set (including manual, wall 
chart, pocket card, and beginner's chartl is 
$11.50. The manual alone (without the separate 
charts) is available for $6.50. You or your club 
can save money by buying ten or more complete 
sets and deducting 20 per cent. All prices include 
postage and handling. 

For further information, contact Minds Eye 
Publications, Dept. PHI, Box 1310, McLean, VA 
22101 . 

Circle 0303 on Reader Service Card. 


antenna phasing unit 

BaileyTech has introduced a new type of an 
tenna product — the Opti-Phaser, an in-the- 
shack 40-meter phasing unit designed to drive 
a pair of dipoles or inverted vees to obtain a 
directional pattern and 4 dB gain. Either of two 
directions may be selected by merely throwing 
a switch. Variable reactance phasing allows the 
currents to be precisely balanced in the two di¬ 
poles so that deep nulls off the back and opti 
mum gain can be achieved. 



A front-lo-back ratio of 20 dB or more is typi¬ 
cal and the null is steerable. The five controls 
are "lead," "lag,” "match," "tune," and the 
"direction" switch. Standard female UHF con¬ 
nectors are provided on the back of the phasor 
for the transmitter and two feedlines. A separate 
52-ohm coax feedline is needed to drive each di¬ 
pole. The Opti-Phasor will match a 52-ohm trans¬ 
mitter at full legal power. An SWR indicator or 
reflected power meter is needed to adjust the 
match. The user-supplied dipoles are hung 
parallel about 25 feet apart. Size is 7 1 /2 x 3 3/8 
x 6 1/8 inches; color is beige with black. The 
list price is $120. 

For details, contact BaileyTech, 304 West S. 
College Street, Yellow Springs, Ohio 45387. 

Circle /304 on Reudar Service Card. 


RF 

TRANSISTORS 


FRESH STOCK-NOT SURPLUS 
TESTED - FULLY GUARANTEED 


PIN 

2-30 MHz 12V C 
Rating 

28 V) 

Each Match Pr 

MRF406 

20W 

514.50 

$32.00 

MRF412./A 

BOW 

18.00 

45.00 

MRF421 

100W 

25.00 

56.00 

MRF421C 

110W 

— 

60.00 

MRF422- 

150W 

38.00 

82.00 

MRF426./A 

25W 

18.00 

42.00 

MRF428” 

150W 

55.00 

125.00 

MRF433 

12.5W 

12.00 

30.00 

MRF435* 

150W 

42.00 

90.00 

MRF449./A 

30W 

12.50 

30.00 

MRF450./A 

SOW 

14.00 

31.00 

MRF453./A 

BOW 

15.00 

35.00 

MRF454./A 

80W 

16.00 

36.00 

MRF455./A 

BOW 

12.00 

28.00 

MRF458 

BOW 

20.00 

46.00 

MRF460 

BOW 

18.00 

42.00 

MRF464* 

BOW 

25.00 

60.00 

MRF466* 

40W 

18.75 

48.00 

MRF475 

12W 

3.00 

9.00 

MRF476 

3W 

2.75 

8.00 

MRF477 

40W 

11.00 

25.00 

MRF479 

15W 

10.00 

23.00 

MRF485* 

15W 

6.00 

15.00 

MRF492 

90W 

18.00 

40.00 

SRF2072 

75W 

15.00 

33.00 

SRF3662 

110W 

28.00 

60.00 

SHF3775 

75W 

15.50 

34.00 

SRF3795 

85W 

16.50 

37.00 

CD2545 

SOW 

23.00 

52.00 

SD1076 

70W 

17.00 

40.00 

SD1451 

SOW 

15.00 

36.00 

Selected High Gam Matched Quads Available 


VHF/UHF TRANSISTORS 

Rating MHz Net Ea, Match Pr 

MRF212 

10W 136 174 

SI 6.00 

— 

MRF221 

15W 136-174 

10.00 


MRF222 

25W 136-174 

14.00 

— 

MRF224 

40 W 136-174 

13.50 

32.00 

MRF231 

3.5W 66-88 

10.00 

— 

MRF234 

25W 66-88 

15.00 

39.00 

MRF237 

4W 136-174 

3.00 

— 

MRF238 

30W 136-174 

12.00 

— 

MRF239 

30W 136-174 

15.00 

— 

MRF240 

40 W 136-174 

18.00 

— 

MRF245 

60 W 136-174 

28.00 

65.00 

MRF247 

75W 136-174 

27.00 

63.00 

MRF250 

SOW 27-174 

20.00 

46.00 

MRF260 

5W 136-174 

7.00 

— 

MRF261 

10W 136-174 

9.00 

— 

MRF262 

15W 136*174 

9.00 

— 

MRF264 

30 W 136-174 

13.00 

— 

MRF607 

1.75W 136-174 

3.00 

— 

MRF641 

15W 407-512 

22.00 

— 

MRF644 

25W 407-512 

24.00 

54.00 

MRF646 

40W 407-512 

26.50 

59.00 

MRF848 

60W 407*512 

33.00 

69.00 

2N3B66* 

1W 30-200 

1.25 

— 

2N4427 

1W 136-174 

1.25 

— 

2N5591 

25W 136-174 

13.50 

34.00 

2N5642* 

20W 30-200 

13.75 

34.50 

2N5945 

4W 407-512 

10.00 

— 

2N5948 

10W 407-512 

12.00 

— 

2N6080 

4W 136-174 

6.25 

— 

2N6081 

15W 136-174 

7.50 

— 

2N6082 

25W 136-174 

8.90 

— 

2N8083 

30 W 136-174 

9.30 

24.00 

2N6084 

40 W 136-174 

11.75 

28.50 

MRF134* 

TMOS FET 
5W 2-200 

SI 0.50 


MRF137* 

30W 2-200 

22.50 

—• 

MRF138” 

30W 1.5-150 

35.00 

— 

MRF150-* 

150W 1.5*150 

80.00 

— 

MRF172* 

80 2-200 

65.00 

— 

Selected, matched finals for Kenwood. 

/aesu. 

Icom, Atlas, etc Technical assistance and cross * 


reference information on CD. PT. RF. SRF. SD P/Ns 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D./VISA/MC 
INFORMATION ANO CAUF. ORDERS: (619) 744-0728 
OUTSIDE CAUF. ORDER DESK: 800-854-1927 

S 179 


RF PARTS 

1320-16 Grand Ave., San Marcos 
California 92069 (619) 744 0728 
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NEMAL ELECTRONICS INTL, INC. 

NOW AUTHORIZED BELDEN DISTRIBUTOR 

your one stop coax supplier! 

SATELLITE CONTROL CABLE_I 

5 TYPES AVAILABLE! [NEW! !! Lowest Lossjl 


AVAILABLE IN 
250-500-1000 
FT. ROLLS 
OR BY / 
THE FOOT fk 


Designed for easy, 1 
one step installation, 
providing the 
required cables lor 
most earth station 
equipment 
all madirect 
burial lachet 


TYPE 1 

(General Purpose) 
1 - RG59/U 96% 
Copper Braid 
2o !6Gau|e 
So 22-Gauge 
33 20 Gauge 
Shielded plus 
, lmned Copper 
Drain Wire 


TYPE 2 

(Mil) 

I RGS9/U 96% • 

Copper Braid 
2at '.2 Gauge 
3® 18Gajge i 

3 <0 20 Ga .ge 
Shielded plus 
linaed Copper 
Dram Wire 

3« 2? Gauge Shielded 
plus lmned Copper 
Orain Wire 


TYPE 3 T> 

(inteisao 1 - RG6/U18 
2 • RC59/U 96% Copper Sh 

Copper Brad 2 <9 12 Gauge 
2 at 12 Gauge 18 Gauge 

6® 18 Gauge 3 a 20 Gauge 
3® 22 Gauge Shielded c 

Shielded plus lmned Coi 

lmned Copper Oram Wire 

, Dram Wire 3« 22 Gauge 5 


TYPE 4 

1 - RG6/U 18 Gauge 96% 2 
Copper Shelo 


30 20 Gauge 
Shielded plus 
tinned Copper 
Oram Wire 

3 9 2? Gauge StieldeO 
plus Tinned Copper 
Dram Wire 


TYPE 5 

RG6/U 18 Gauge 96% 
Copper Shield 
1?Gauge 
18 Gauge 
Shielded plus 
tinned Coppe* 

Dram Wire 
22 Gauge Shielded 
plus lmned Copper 
Oram Wne 


Only Nemal offers the quality construction RG59/U copper shielding made to mil : 
12-gauge conductors, tinned copper dram wires, and a true direct burial polyethylene tacket 


HARDLINE 

Two styles, two sizes lor all installation needs 

• Aluminum Outar Conductor with PolyuthylanB Jacket 

1/2 inch loss .48 dB/100 ft. @ 30 MHz 

3.68 dB/100 ft. <@> 1000 MHz $1.25/ft. 
7/8 inch loss .28 dB/100 ft. @ 30 MHz 

2.54 dB/100 ft. @ 1000 MHz.$3.25/ft. 

• Corrugated Copper Outer Conductor with Polyethylene 
Jacket 

1/2 inch loss 38 dB/100 ft. @ 30 MHz 

(FLC12-50J) 2.78 dB/100 ft. @ 1000 MHz.$1 59/ft 

7/8 inch loss 13 dB/100 ft. @ 30 MHz 

(FLC12-78J) 1.3 dB/100 ft. @ 1000 MHz.$3.92/ft. 


COMPARE RG 213 1.25 dB/100 « 

8.5 dB/100 « 


30 MHz 
1000 MHz ! 


hardline connectors 

1/2 inch aluminum UHF M/F $19 00 Type N M/F $22.00 
7/8 inch aluminum UHF M/F $49.00 Type N M/F $49.00 
1/2 inch copper UHF M/F $22.00 Type N M/F $22.00 
7/8 inch copper UHF M/F $49.00 Type N M/F $49.00 

shipping 

Cable - $6.00 per 100 ft 
Connectors — $3.00 per order. 

Orders under $20 add $2 additional plus shipping. 
Charge card — orders over $30 only. 

COD add $2.00. Florida Residents add 5%. 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL, CABLEWAVE, COLUMBIA, KINGS 
BLONDER-TONGUE, TYTON, B&K 


COAXIAL CABLE 
MULTIC0N0UCT0R CABLE 
CONNECTORrf-AOAPTERS 
HARDLINE 
CABLE TIES 


• SMATV PRODUCTS 

• COAX-SEAL 

• COMPUTER CABLE 

• CRIMP TOOLS 

• FIELD STRENGTH METER 


COAXIAL CABLE SALE 

POLYETHYLENE DIELECTRIC 

RG-8/U 96% shield Mil Spec.($29.00/100) or 31*/ft. 

RG11U 96% shield 75 ohm mil spec.25*/ft. 

RG-55B/U double shield (RG-58 size) 50 ohm .45*/ft. 

RG58U mil spec 96% shield.($10.00/100) or HVft 

RG62A/U 96% shield mil spec 93 ohm.12*/tt. 

RG174/U min 50 fl mil spec.10*/ft. 

RG213 noncontaminating 96% shield mil spec .36*/ft. 

RG214/U double silver shield 50 ohm $1.65/ft. 

RG214/U tinned copper.65*/ft. 

RG217/U double shield 5012 5/8" 0D.85«/tt 

LOW LOSS FOAM DIELECTRIC 

RG-8X (Mini 8) 95% shield ($15 00/100) or 17*/ft. 

RG8U 80% shield.($19.00/100) or 22«/ft. 

RG-8/U 97% shield It gu (eq. Bekfen 8214) .31‘/ft. 

RG58U 80% shield.07«/ft. 

RG58U 95% shield.lOVH. 

RG59/U 100% foil shield TV type 10*/ft. 

RG59/U 70% copper shield. 09*/tt. 

HEAVY DUTY ROTOR CABLE 2-16 ga 6-20 ga.36«/ft. 

Rotor cable 2-18 ga 6-22 ga Poly burial Jkt.19*/ft. 

Complete line ol multiconductor cables available 

CONNECTORS MADE IN USA 

Amphenol PL 259.89‘ 

PL-259 and/or SO-239.65‘ ea. or 1Q/$5 99 

Double Male Connector.$1.79 

PL-258 Double Female Connector.98* 

PL-259 Silver-Teflon Kings.$1.59 ea. 

Reducer UG-175 or 176 .22* or 10/$2.00 

UG-255 (PL-259 to BNC).$2.95 

Elbow (M359) UHF Elbow.$1.79 

F59A (TV type) .24* or 10/$2 00 

UG 21 D/U Type N Male for RGB. Amphenol $3.00 

UG-88C/U BNC Male tor RG-58, Amphenol $1.25 

UG 273 BNC-PL259 Amphenol.$3.00 

3/16 inch Mike Plug for Collins etc. (cutoff).$1.25 

shipping 

Cable — $3.00 per 100 ft. 

Connectors — add 10%, $3.00 minimum. 

Orders under $20 add $2 additional plus shipping. 
Charge card — orders over $30 only. 

COD add $2.00. Florida Residents add 5%. 


12240 N.E. 14th Ave. instock 
M n Miami FL^Ifil - over 500 items - 

INO. miami, “L Oulu COMPLETE LINES 

Telephone: (305) 893-3924 


rMULTI-BAND SLOPERST 

ALSO: OIPCH.ES 1 LIMITED-SPACE ANTENNAS 
Oul si ending performance ol W9INN antennas Is wall known) Now on- 
■loy multiband BIG-SIGNAL repotls) Automatic bandswilchng • Vary 
low SWR -Coax lead ■ 3kw power • Compact • FULLY ASSEMBLED 
lo your specified center frequency each band • Eeay to Infiati • Very 
low profile • Complete Instructions • Your personal check accepted 
4 BAND SLOPE* • 160. BO. 40.30. or 2DM 60 II long | 46 ppd 

3 . 160,60.40M 60 ft. •• f 43 •• 

2 •• “ -80.40M 40 ft. •• t 35 - 

3 •• NO-TRAP DIPOLE - ISO. BO. 40M 113It. long S 71 •• 

2 . 80, 40M 8511. •• t 55 - 

9 BAND SPACE-SAVER OlPOLE ■ 160 thru 10M* 4611. lon g S 65ppd 

* Requ»e» wide-range tuner(80, 40, 20,15Mwithout tuner) 

SEND SASE lor compleie doielle ol thaso and other unique entenn— 
W9INN ANTENNAS 312 394 3414 

BOX 393-H MT. PROSPECT. II 60056 


Wmfjy 7 MILLION TUBES 

Includes all current, ob- 
solete, antique, hard-to-find 
Vyjrreceiving, transmitting, indus- 
JT trial. radio/TV types LOWEST 
r PRICES. Major brands in stock. 

Unity Electronics Depl. 

P.0. Box 213, Elizabeth. N.J. 07206 



products 


beam antenna handbook 
by Bill Orr, W6SAI 
and Stu Cowan, W2LX 

Completely revised and updated, the Beam 
Antenna Handbook includes the latest state-of- 
the-art antenna design. Computer generated 
beam dimensions for the 40, 30, 20, 17, 15, 12, 
10, and VHF bands are included, eliminating the 
need for time-consuming math calculations. Also 
covered are: beam height and optimum angle 
of radiation, how element types and hardware 
effect performance, effect of nearby objects on 
radiation patterns, feedlines, baluns, and match¬ 
ing systems and much more, ham radio VHF 
columnist Joe Reisert, W1JR, and noted Euro¬ 
pean VHF'er DL6WU’s VHF antenna designs are 
covered extensively as well as NBS VHF long 
Yagis. 286 clearly written pages — 204 easy-to- 
understand illustrations make this the book to 
buy for beam construction. The price is $9.95 
softbound. 

For more information, contact Ham Radio’s 
Bookstore, Greenville, New Hampshire 03048. 


Commodore companion 

Jim Grubbs, K9EI (see "Micros and VHF Bea¬ 
cons Transmit Messages Automatically,” ham 
radio, July, 1985, page 511 has authored a new 
book entitled The Commodore Ham's Compan¬ 
ion, a complete guide to using Commodore com¬ 
puters in the shack. In fourteen chapters, Jim 
addresses a variety of topics including selecting 
the right Commodore computer for your station, 
the basics of programming for RTTY; Morse, 
AMTOR, and packet; and information manage¬ 
ment strategies for logging and other record 
keeping chores (contests, awards, etc.) 

In a clear, easy-to-read format, he explains 
why the Commodore machines are the easiest 
to interface to the rest of the world, and takes 
a special look at "telehamming,” or connecting 
to Amateur Radio information sources via the 
telephone lines. Message Storage Operations 
and packet are also addressed. 

Jim also lists sources of software for SSTV, 
satellite tracking, and other specialized applica¬ 
tions, as well as over 80 sources of hardware and 
software for more general Amateur Radio appli¬ 
cations. 

The Commodore Ham's Companion is a 
160-page paperback retailing for $15.95, plus 
shipping and handling, ($2.50 if ordered directly 
from the publisher, $3.00 if ordered from Ham 
Radio's Bookstore). 

For information, contact QSKY Publishing, 
P. O. Box 3042, SpringfieldIllinois 62708. 

Circle /305 on Reader Service Card. 
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12-meter antenna coil 

KW-12 antenna coils allow trapped dipole 
coverage of the new 12-meter band (24.89-24.99 
MHz). Resonant frequency is designed to pro¬ 
vide a perfect half-wave dipole. The power han¬ 
dling capability is 1500 watts PEP maximum. The 
pair is installed 9 feet, 5 inches from the balun. 



Hi Q characteristics are obtained by optimum 
form factor on polystyrene. Coil dimensions are 
5 1/2 inches by 1/8 inch diameter; the unit 
weighs 6 ounces, with tensile strength rated at 
800 pounds. An acrylic lacquer waterproof coat¬ 
ing and all-aluminum hardware help provide 
resistance to corrosion. A specification sheet and 
installation instructions arc supplied. 

For information, contact Microwave Filter 
Company, 6743 Kinne Street, East Syracuse, 
New York 13057. 

Circle *306 on Reader Service Card. 


SSTV transceiver 

Davtrend has introduced two new products: 
the ORAE SSTV Transceiver and - for those 
who already have the receiver - a Transmit 
Module that upgrades the ORAE receiver to 
transceiver status. 



The system specification is the standard 8.5 
sucond SSTV format of 16 grey shades with a 
128 x 128 pixel picture. Further specification de 
tails are available 

For further information, contact Oavtrend 
Limited, Sanderson Centre. Lees Lane. Gosport, 
Hampshire P012 3UL England. 

Circlo /307 on Reader Service Card. 


m WORLD WIDE AMATEUR RADIO SINCE 1950 
Your one source for all Radio Equipment! 



For the best buys In lown call: 
212*925-7000 

Los Preclos Mas Bajos on 
Nueva YorL 


KITTY SAYS: WE ARE NOW OPEN 7 DAYS A WEEK 

Saturday & Sunday 10 to 5 P.M. 

Monday-Friday 3 to 6:30 PM Thurs. lo 8 PM 
Come to Barry's lor Iho bast buys m town 
ONVSaloly 
belts-in stock 


Ring (n tne New Year 
With the best of Barry's New Gear 

KENWOOD 


ft-600. Ft300(1. R-2000. TS940S/AT 
IS 430S.TR 3600A . TCI 7050. 
TW-1000A Kerrwuod Servic.ojRcfjnn 
TM2V31/41AT TM211A/ 

41 tA * TS>7ttAfi11A 


COMFUFIfiE EXTINGUISHERS 

Qa-sooot nrmuron ierwhal 

VoComfMirngu/Dniwa 
Tokyo Hy*Pownf 
Amplifier* 6 
SrBr.HT Gam 
Antenna*. IN STOCK 




n icoM 


1C- 


R? 1 A. 751, 745.27AfH. 37A. 4?A. fl 7000 
12/A. 271AIH. 3?OOA. 4/tAiH. 735 


¥7*U^ty) 

FT ONE. FT 980, Ft 757GX.FRG-8800 
R720R.FRG-9600. FT-270RH. FT 2700RM 


VAC-SU ICOM 

rt ujiTftin IC2A! 
n Ti .'pjRy* IC02AT 
etc 1C 04AT 

I 


lend Motula tlft 
U utl* mVSl a nd A id 
WlUun Me«on 

nc 7toj • i • 

in IC M»J tMeilnti L 
Tempo H- * 



SMART PATCH 


jL* 


; AEA 144 MHr 
i AEA 220 MHr 
| AEA 440 MH< 
ANTENNAS 


Soldoring 

Station, 


48 Waits. $66 

m. *.*b" rqii-r ■■ 

MICROLOG AIR I Air 


KANTRONICS 
UIU, Irilcrlovo II 
ClnillMiMJut Pdtkot Cueliili 
CIMAC 
3 500Z 
572Q fiJSfiC 
128Y7A6 
4-40QA 



BIRO 
lyVallmetci 
E lemon is 
m Stock 



•• y.% J r F 


MIRAGE AMPLIFIERS 
ASIRON POWER SUPPLIES 
Saxton Wtte A Catiif 


New TEN-TEC 
2591HT. Corsair II. Argosy M. Cofltury 22 


MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. NY 10012. 


Natu/ York rilu'e LARGEST STOCKING HAM DEALER 

torn uriy B COMPLETE REPAIR LAB ON PREMISES 


"Aqul Sa Habla Eapanol" 

BARRY IN f ERNA IIQNAL JUlCX t? 7670 
MERCHANDISE TAKEN ON CONSIGNMENT 
FOR TOP PRICES 

AUTHORIZE GDIS IS MCKAY ()V Ml; K FOR 
SHORTWAVE ANTENNAS A RECEIVERS 
iRTflEX "Spring Si Station ' 
Subway* SMI Princa St Station 

(NO F" Tram Uwy SftHI'On' 

Bus: Brondwny *6 lo Spring St 


Mem Club 
Spaactf** 

Grr.n 


h 51 * 


Wo Stock AEA. ARHt Alpha. Amoco, Antenna Spect»li*l*. Antalic, 
Aitron fl & K It & W Un*h Rcncber. Hud. Uuilnmiil. COE, CES. Collin*, 
Communication* Spec Connectors Coveraall. Cushcmll. 

Dniwa Umtlton Oiuitnoi. Drake ETO (Alpha), Eimac, Fneomro. Mull 
Sound. Henry. Huxiler (Newttonlcs) Hy (Jain. Icon). KLM, KanliOfllCV 
Larson. MCM iDalwa). MFJ. J.W. Miller. Mini-PiotfucU Mirage. 
Nawtronlcs. Nye Viking. Pnlomar. Rf Product*, Radio Amateur Callbook, 
Robot. Rockwell Collin* Saxton. Shunt. Tolu*, Tempo. Ton Tec, 

Tokyo HI Power, Trionyx TU0ES. W2AU. Wabor, Wrlson, Yanso Ham and 
Commorcinl Radios. Vocom, Vibroplci. Curtis Tii £«, Wacom Duplexed, 
Repeater*. Pbelp* Dodge, fanon Intercom*. Scanner* Crystal* . Radio 
Publication*. 

WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
l*f AURtNOUlRiESiNVITEO PmONF m yOuM ORDER A OF REIMBURSED 

COMMERCIAL RADIOS stocked A •arvlead on pr«ml**l. 

Amateur Radio Courses Given On Our Promises, Call 

Eiporl Order* Shipped Immadlatoly. TELEX 12*7070 


COMPACT 75 M SSB TRANSCEIVER 


Complete Kit 

$199.95 



Dimensions 2" xG" *6" 

RECEIVER: 

Frequency 3 8 4 0 MH/ 

Sensitivity 0 5 j»V lor 10 dB S/N 

Selectivity -6 dB (it 2A KHr 

AGC Range *60 dB in = +3 dB out 
Audio Qupul > 350 mW info 8 ohms 

TRANSMITTER: 

Frequency 384 0 MHz 

Output 30 watts mio 50 ohms 

IMD -30 dB 

Harmonics ¥* - *1 «iB. 3 ,tf - 55 dB 
SV/R immumiy 30 1 (ft a H phase angles 
ALC AmDldisd Iasi response rale (quasi*processing) 



POWER REQUIREMENTS: 


Vollage 

Currerii 


28 Vdc regulaled 
2A transmit, 65 mA receive 


1985-86 

CATALOG 

50$ 



RADIO KIT 
BOX 41 tH 
Greenville. NH 
03048 

1603)878-1033 
telex 887697 
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flea - *i—r 
market 


RATES Noncommercial ads 10$ per word; 
commercial ads 60$ per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one tree Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


WANTED: Regency X12000 transceiver or new 10 channel 
148 162 MHz or Wilson WH2510. PO Box 929, Blacksburg, VA 
24060-0929. 1703) 382-4458. 


IMRA, International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz. 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, larchmorit, New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
Types available Largestock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 09224.1213) 774-1255. 

CUSTOM MADE EMBROIDERED PATCHES, Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 

P.C. BOARDS for all Amateur Radio magazine projects, cur 
rent or past issues. Guaranteed lower than list prices. Any quan 
tity available Send specifications (magazine name, issue and 
page numbers). T.O.R.C.C.C. Electronics. Box # 47148, 
Chicago, Illinois 60647. (312) 342-9171. 

NEW PACKET RADIO PROGRAM for IBM PC's. A telecom 
program for interfacing your PC with your packet controller. Spe¬ 
cial functions for GLB's. 5 page scrolling screen with cursor con 
trol. Two types Binary File Transfers. 300 9600 bps Keyboard 
Macros 50 page manual. Split screens. Windows! Much more. 
NON COPY PROTECTED. $49 95 + $3.00 shipping and handling 
Kalt 6 Associates, Suite #138, 2440 E Tudor Rd., Anchorage, 
AK 99507. (907) 248-0133. Write for more info. 

BUILD a Computer-Aided-Designed 6dB gain stacked vertical 
omnidirectional 2 meter antenna for less than $50.00 using hard 
ware store materials. Send $5.00 for detailed plans and 
parts list. WD40QC, John De Armond, PO Box 3657, Cleve¬ 
land, TN 37311. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806 


PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or write foi information. A&A Engineering, 7970 Orchid Drive, 
Buena Park, CA 90620 (714 ) 521 4160. 


TOWER FOR SALE Beautiful 70 foot fold over tower complete 
with Hy-Gain rotor system and much more. You ship and I will 
sacrifice for $500. Worth over $3000 Call late evenings at (319) 
362-4606 


R-390A RECEIVER. .5-30 MHz all modes, 4 mechanical filters, 
meters sealed (Government removed, operation unaffected): 
complete/checked $195, complete/repairable $115, spare parts 
unit (80% complete) $65. CPRC-26 Manpack Radio (described 
in March 1985 Ham Radio), transceives 46-54 MHz FM, with 
battery box, antenna, crystal, handset: $22.50 apiece, 
$42.50/pair, info SASE. CPRC-26 add $4/unit shipping. R-390A 
shipping charges collect. Baytronics, Dept. HR, Box 591, San¬ 
dusky, OH 44870. (419) 627-0460 evenings. 


DIGITAL AUTOMATIC DISPLAYS. All transceivers. Six 1/2" 
digits. 5" wide by 1-1/4" by 9" cabinet! Send $1.00 for infor¬ 
mation. Be specific. Grand Systems, POB 2171, Blaine, 
Washington 98230. 


CB to 10M CONVERSIONS. FM kits, frequency modification 
hardware, books, plans, high-performance CB accessories. Free 
catalog. CBCI, Box 31500HR, Phoenix, AZ 85046. (602) 
996-8700 


CABLE TV CONVERTERS & EQUIPMENT; Plans and parts 
Build or buy. FREE information. C & D Electronics, PO Box 1402, 
Dept. HR, Hope, AR 71801. 


CIRCUIT BOARDS: Guaranteed lowest quotes and FREE twelve 
hour prototypes. Single and double sided boards. Small through 
large production quantities. Send specifications. T.O.R.C.C.C. 
Electronics, Box 47148, Chicago, Illinois 60647. (312) 342-9171. 


WANTED: E.H. Scott Radios and McMurdo Silver Radios i.e. 
Scott Radio Labs "Scott Special” etc. McMurdo Silver "Sin¬ 
gle Signal Super 5A" or "Radio Professional Model 5D" etc. 
Literature. Also Zenith Stratosphere Radio. I will arrange all ship 
ping. Call collect after 5:00 CST. (414) 965-3641. Denis Yanko, 
410 N. Summit, Oconomowoc. Wl 53066. 

HOME and excellent ARS QTH for sale. 3 bedroom, 1-1/2 baths, 
1200 sq. ft., plus 700 sq. ft. shop and shack in separate, insu 
lated. heated and A/C bldg, on 2 acres of land in rural Georgia 
on paved road 25 minutes from Macon. $44,900 (firm). Write 
to W4TG, PO Box F, Gray, GA 31032. 


IBM-PC RTTY/CW. CompRtty II is the complete RTTY/CW pro¬ 
gram for the IBM-PC and compatibles. Virtually any speed 
ASCII, BAUDOT, CW. Text entry via built-in editor! 10,000 
character transmit/receive buffers. Adjustable split screen dis¬ 
play. Instant mode/speed change. Hardcopy, diskcopy, break 
in buffer, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MARS and traffic handling. 
Requires 128k PC, XT, AT. PCjr, PC-DOS, serial port, RS-232C 
TU $65. Send call letters (including MARS) with order. Men¬ 
tion Ham Radio Magazine and take $10 off. David A. Rice, 
KC2HO, 7373 Jessica Drive, North Syracuse, NY 13212. 


RESISTORS any value/quantity, 1/4 watt @ $.01, 1/2 watt 
(S> $.015 ($1.00 minimum). Quantity discounts, 1,000 +-. Send 
wattage(s), value(s), quantity(s), and remittance. T.O.R.C.C.C. 
Electronics, Box 47148, Chicago, Illinois 60647. (312) 342-9171. 


COLLECTION of 40 Antique Radios and 22 Ham and drum 
Speakers. Many other items and parts all working. Blair Daley, 
KA800H, Elsie, Ml 48831 (517) 862-5228. 

COMING EVENTS 

Activities — “Places to go .. 


SCHEMATIC: Radio receivers 1920's/60's. Send brand name, 
model No., SASE. Scaramefla, PO Box 1, Woonsocket, RI 
02895-0001. 


THE GOOD SAM HAMS invite RV Operators to check in the 
Good Sam Ham net 14.240 ± Sundays 1900Z also 3.880 ± Tues 
days at 2359Z. Net control N5BDN, Clarksville, IN 


OLD RADIO transcription discs wanted Any size, speed. 
W7F1Z, Box 724 HR, Redmond. WA 98073-0724. 


RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, Cardiff. 
CA 92007. 


TR-7 USERS: NB-7 Noise blanker (new) $65.00 ppd. HS-75 
headset (padded) new $14.00 ppd. SL-300, SL-500 CW filter 
$55.00 ea. ppd. K3UKW, Tony Musero (215) 271-8898. 


UHF PARTS, We stock GaAs Fets, Trimmers, and many of 
those impossible to find parts for the UHF builder. For exam¬ 
ple: MGF 1202 at $10.00, Finger Stock at $7.50 per 16" strip. 
SASE brings list, Microwave Components, 11216 Cape Cod, 
Taylor, Ml 48180 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Kano Ueber 
Posttach 2454 
0-7850 Loerrach 
West Germany 
Ham Radio Belgium 
Stereobouse 
Brusselsesteenweg 416 
B-9218 Gent 
Belgium 

Ham Radio Holland 
HOStDUS 413 
NL 7800 Af Emmen 
Holland 

Ham Radio Euiope 
Box 2084 

S 194 02 Upplands VasDy 

Sweden 

Ham Radio France 
SM Electronic 
20 bis. Ave des Clarions 
F-89000 Au.erre 


Ham Radio Germany 
Karin Ueber 
Posttach 2454 
0 Z850 Loerrach 
West Germany 


Canada 
Send orders to 
Ham Radio Magazine 
Greenville. NH 03040 USA 
Puces in Canadian funds 
t yr $29 95, 2 yrs $63 30 
3 yrs $75 40 


Ham Radio Italy 
Via Pordenone 17 
1-20132 Milano 
Italy 


Ham Radio Switzerland 
Kann Ueber 
Posttach 2454 
O 7850 Loerrach 
West Germany 


Ham Radio England 
c/o RSGB 
Alma House 
Cranborne Road 
Potters Bar 
Hens EN6 3JW 
England 


WANTED set of good working director and driven element traps 
for Hy-Gain beam. TH2MK2, TH3MK2, TH6DXX, TH5MK2, 
TH7DXX acceptable. David. W0PCW, POB 26, Halstead, 
Kansas 67056- 


PACK ET/ASCII/BAUDOT/CW for IBM-PC SASE to: Emile 
Alline, 773 Rosa, Metairie, LA 70005. 

PRINTED CIRCUIT BOARDS TORCCC Electronics will print 
any schematic, 6"x9” maximum, on a circuit board for $1.50 
(larger schematics— add $1.25 per additional 50 square inches). 
Send check and schematic to: TORCCC Electronics, 2161 North 
California, Chicago, Illinois 60647. 

SELL: TUBES 4D32 only $35.00 each. Inquire on others. 
Wanted Gonset aircraft monitor receiver reasonable. Levy, 101 
East Driftwood#26, Fredericksburg, TX 78624. Tel 512-997-2534. 

WANTED NC400 receiver. Any condition. W2PUA, 112 Tilford 
Road, Somerdale, NJ 07083 (609) 783-4175. 

WANTED: Hy-Gain vertical antenna, converters for National 
receiver, old Hallicrafters receiver. K6KZT, 2255 Alexander, Los 
Osos, CA 93402. 

DRAKE) DRAKEI DRAKE! Complete station with late model 
TR7A/DR7 transceiver and R7A receiver, speech processor, 
speaker, power supply, fans, cross-connect cables, manual. Ask¬ 
ing $1550. Guaranteed excellent condition or I pay for repair. 
Gary Jordan, WA6TKT, 1012 Olmo Court, San Jose, CA 95129 
(408) 257 2222. 

WANTED: Motorola HT220's and HTIOO's, VHF or UHF, PO 
Box 4344. Chatsworth, CA 91313 


CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith - Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Complete 
illustrated catalog, $2.00. Pacific Cable Co.. Inc., 
7325-1/2 Reseda Blvd, #1008, Reseda, CA 91335 (8181716-5914 

IC-25A FOR SALE: $225 or best offer Good condition, used 
only as a mobile radio Call Craig (603) 878-1441,9-5 EST, M-F 
only. 

2 METER AMP KITS: 8877 legal limit kit $395. 3CX800A7 
900W kit $325. Also HV power supplies, CX600N relays, parts 
and EME newsletter SASE for catalog 2 Meter EME Bulle¬ 
tin, 417 Staudaher St., Bozeman, Mt 59715 


ELECTRON TUBES — Radio & TV types 75% off list price 
— huge inventory! Also industrial types Send for Free Cata¬ 
log today or call Toll Free (800) 221-5002. Box HC, Trans- 
leteronics, Inc., 1365 — 39th Street, Brooklyn, NY 11218. See 
our display ad this issue 


CALIFORNIA: FCC exams, Novice-Extra. Sunnyvale VEC ARC. 
(408) 255-9000 24 hour. 73, Gordon, W6NLG, VEC. 


MICHIGAN: The Southfield High School Amateur Radio Club 
is sponsoring their 20th annual Swap & Shop, January 26. 
Southfield High School, 24675 Lahser, Southfield. Doors open 
6 AM for exhibitors. Public 8 AM to 3 PM. Admission $2 50. 
Reserved tables $20.00 (paid in advance) for two 8 ft. tables. 
Additional reserved tables $10.00 each. Tables also 
available at door. For information and reservations: Robert 
Younker, Southfield High School, 24675 Lahser, Southfield, Ml 
48034. 


NEW YORK: Yonkers Amateur Radio Club's Electronics Auc 
tion, Sunday, January 26, Lemko Hall, 556 Yonkers Avenue, 
Yonkers. Inspection 9 AM to 10 AM. Auction starts promptly 
at 10 AM. Admission $3.00. Children under 8 free. Plenty of seats 
and parking. Unlimited free coffee all day. Club commission on 
successful sales only. 10% on first $100, 5% on remainder. 


SOUTH BEND, INDIANA: Hamfest Swap & Shop, January 5 
(first Sunday after New Year's Day) Century Center downtown 
on US 33 oneway North between St. Joseph Bank Building and 
river. Industrial history museum in same building. Carpeted half 
acre room. Open tables $1 per ft. Four lane highways to door 
from all directions. Talk in freq: 52-52, 99-39, 93-33, 69-09, 
145 29. 


MASSACHUSETTS: The MIT UHF Repeater Association and 
the MIT Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday January 22, 1986, 7 PM, MIT Room 
1-134 , 77 Mass Ave, Cambridge, MA. Reservations requested 
2 days in advance. Contact Ron Hoffmann (617) 
253-5820/646-1641 or Craige Rodgers at 225-6616 Exam fee 
$4.00. Bring copy of current license, 2 forms of picture ID and 
completed form 610 (available from FCC in Boston. 223-6609). 


WISCONSIN: The Wild Rivers Amateur Radio Club will hold 
their mid-winter swapfest, Sunday, February 16, 10 AM to 3 
PM. Spooner Experimental Farm east of Spooner on highway 
70. VE exams by advance registration only. Tables available. Talk 
in on 147.81/21. For information: Tom Young, KD9FC, Route 
5, Box 5239, Hayward, Wl S4843. 

OHIO; The Mansfield Mid-Winter Hamfest/Auction, Sunday, 
February 16, Richland County Fairgrounds, Mansfield. Doors 
open to public 7 AM. Tickets $3.00 advance and $4.00 at door. 
Tables $5.00 advance and $6.00 at door. Talk in on 146.34/94, 
W8WE. For information/tickets/tables SASE to Dean Wrasse, 
KB8MG, 1094 Beal Road, Mansfield, Ohio 44905 or phone (419) 
589-2415 after 3 PM EST. 


MASSACHUSETTS: The Algonquin ARC will hold its annual 
Hamfest /Swapfest Electronic Flea Market, Sunday, February 
16, Marlboro Junior High School, Marlboro. Doors open 8:30 
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AM Ini suiters, 10 AM lor Imynrs. Admission $1,00. Tiihtes $7.50 
advance (by February 9) or $10.00 <il the door Food available. 
For inlorillation/lable reservations; AARC, PQ Box 258. Marl¬ 
boro. MA 01752 of call 16171 393 9920 

PENNSYLVANIA: Amateur Radio Social The Cluivunm of 
Delaware Valley will hold their 6th annual mid winter social in 
downtown Philadelphia on Sunday, January 12, at 10 AM. Tradi 
iional huff ot brunch, installation of new officers, entertainment 
and lots of uye-balfinp. Everyone invited. Reservations a must. 
Contact Bill Soldo, VV3QXT 12151676 6769 or write to 9357 Hoff 
Street. Philadelphia, PA 19115 for full details 

OHIO: Dayton Mamvenlion, April 25. 26, 27, Hara Arena and 
Exhibition Center. For more information write or phone Box 4*1. 
Dayton. OH 45-101 1513) 433 /720. See display ad this issue. 

FL0RI0A: Citrus County Ham Flea Maiket, February 8. 9 AM 
to 4 PM, County Fairgrounds, US 41 south, Inverness License 
exams. F«X information: SHARC Hnmfosi. PO Box 572, Loeanto. 
FL 32661 or call Bob Gordon. W1KUL (9041 628-5045. 

OPERATING EVENTS 

“Things to do . . 

1986 CLASSIC RA0I0 EXCHANGE 2100 UTC January 26 to 
0400 UTC January 27. Object restore, operate and enjoy old 
radio equipment with like minded hams. A classic radio is any 
equipment built since 1945 and at least 10 years old. Exchange 
name, RST. stato/province/emintry, receiver and transmitter 
lyjje arwfblhcr inUHCSliiMj inlomvmon CW call "CQ CX", phone 
call “CQ Exchange”. Semi fcxjs. conunenis. etc to Stu Stephens. 
K8SJ, 1407 Ho'llyrood Road, Sandusky, OH 44870. Include 
SASE for Classic Radio Nownlntinr punted January and Soft 
lumber 1386 Fall Classic Exchange is September 28 29 

1986 NEW HAMPSHIRE QSO PARTY sponsored by the NH 
Amateur Radio Association. 19002 February 1 to 0700Z Fclmr 
ary 2 and 14002 February 2 to 02002 February 3 Exchange sig¬ 
nal report and NH county or ARRl socikm/DXCC country. Sta¬ 
tions may make contact on more than one band or mode. Logs 
must be submitted by March 25. 1986. Include large SASE for 
results. Send logs and comments to Mount Moriah Repeater 
Association c/o Bud Valcourt, N18YG. 19 Teague Drive. Salem. 
NH 03079. 

MICHIGAN YL QSO PARTY sponsored by the TASYL s Irom 
1800Z January 25 to 1800Z January 26. phone and CW. No 
crosslwmd. net or repeater QSO'a. Work stations once. Exchange 
call, signal report, OTH and TASYL I i( working a member. Send 
logs to TASYL Presirfent. Verlino Ferris. K18V, 308 E Harry. 
Hazel Park, Michigan 48030. Entries must tie received by Febru 
ary 28. 1986. 

CELEBRATE KANSAS’ 125th Birthday Special Event Station 
KD0ZK will operate all General and Novice bands during Janu 
ary 1986 An 8 1/2 x 11 certificate is available lor contact. Send 
OSL and large SASE to KD0ZK, Barry Horowitz, 715 West 5th 
Street. Junction City. Kansas 66441 

YORK RADIO CLUB will celebrate its 50th anniversary with 
several special programs in 1986. Starting January 1 through 
December 31. 1986, members of the YRC will work all HF bands 
at all class levels Members will use their awn call signs and add 
York Rndo Club to all CO’s and contacts. Submit proof of con 
tact. SASE and one dollar for a certificate Send to York Radio 
Club, 861 FairfiukJ, Elmhurst, IL 60126. IncUkte lime. date, condx 
and member's call letters. 

YL—OM CONTEST All licensed men and women operators 
throughout the world arc invited to participate. OMs call “CO 
YL‘ and YLs call "CO OM‘\ All bands may be used No cross 
band operation, nets or repeater operation will count Exchange 
station worked, QSO number, R5(TI. ARRL section or court 
try Log unities must show time, band dale and transmitter 
power.Send logs lo Mary Lou Brown. NM7N. Vice Prusrdonl, 
504 Channel View Drive, Arvacortos, WA 98221 Logs must Lm» 
postmarked by March 10 and received no lotor than March 31. 
1980 


IC0M R71-751-R7000* COMPUTER INTERFACE 
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MICROCOMPUTER ELECTRONICS COPORATION NOW OFFERS 
THE M.E.C. 71a COMPUTER CONTROL INTERFACE THAT WILL 
CONTROL AND EXPAND THE CAPABILITY OF THE ICOM R71A. 
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MAIN MENU Conlrol center lor 
entire system. Showing: 24HR 
UTC time; radio Iraq, & mode: 
memory CH. freq, mode plus ID 
functions (or your selection. 


32 CH RADIO MEMORY Show¬ 
ing freq to 10 Hz, mode, filter 
w/n. toad/change any memory, 
mode, litter direct Irom key¬ 
board and print command. 


INTRODUCTORY PRICE $199.95 + $4 UPS 


• Easy to: use. No computer knowledge 
needed, automatic program loading. No 
disk or tape required (except for aux 
memory storage). 

• Menu driven to aid user at each step. 

EX309 — not supplied — required). 

• AUTO LOG Allows logging of radio freq, 
mode and time by press of a key. 

• UNLIMITED STORAGE via computer 
disk or tape (store 705 CH per disk side). 
Let your imagination run wild. 

• Software update. As new software is 
developed MEC will make it available to 
owner subscribers. 

— ' ''ir"£jTri; i-. h. i...., , 


DRY Show- AUXILIARY MEMORY Show- 

node, tiller ing page 1 ot 47 pages each 

iy memory, having 15 memories. Freq, 

Irom key- mode, UTC time and room lor 

nmand. your notes. Auto log feature 

W i ipQ allows instant logging ot 

v receiver Ireq, mode, time. 

HARO COPY via computer printer ot all 
memory channels. 

KEYBOARD memory loading. 


Price to be announced - CALL. 
Available Fall 85. Dealer Inquiries 
invited, : t , VJ i ' j! ' 

EEB is the exclusive distributor for 
Microcomputer Electronics Corp.'s 
product worldwide. Address all in¬ 
quiries to EEB. 

EEB Is an authorized ICOM dealer and 
service center. Buy with confidence. 


GET ALL THE DETAILS. WRITE OR CALL EEB TODAY 



• Prices & specs subject to change 

• Shipping charges not included 

• Returns subject to 20% restock charge 

• Free catalog in USA; all others 3 IRC's 


ORDER TOLL FREE 800-368-3270 
Tech Info — VA orders 703-938-3350 

ELECTRONIC EQUIPMENT BANK 
516 Mill Street NE 
Vienna, VA 22180 USA 


CHARGE 

YOUR CLASSIFIED ADS 

to your 
MC or VISA 
write or call 

HAM RADIO MAGAZINE 

Greenville, NH 03048 
(603) 878-1441 
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DIRECTION FINDING? 


•k Interference Location 

★ Stuck Microphones 
A* Cable TV Leake 

★ Security Monitoring 



★ VHF and UHF Coverage 

★ Computer Interface 

★ Speech Synthesizer 

★ 12 VDC Operation 


New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction tinder. Simply plug into receiver's antenna 
and external speaker Jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 

pi DOPPLER SYSTEMS, INC. , 602 , W 8 -. 15 . 
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computer graphics 
become more powerful 

Next to word processing and 
accounting functions, graphics appli 
cations are rapidly becoming one of 
the most widely used functions of 
microcomputers. Unfortunately, small 
computers of the Apple/IBM PC class 
have relatively modest memory and 
data rate capabilities, and sophisti¬ 
cated graphics applications require 
enormous processing ability. For 
example, the IBM PC, using one of its 
most advanced graphics adapter 
boards, is capable of producing a pic¬ 
ture consisting of 600 horizontal x 400 
vertical picture elements (pixels) with 
16 shades of gray (or 16 colors). This 
requires about 200,000 eight-bit bytes 
of memory, and can produce one full 
screen of picture each Vs second. To 
produce just one second of television- 
grade picture would require ten times 
the computer power of the PC, and to 
add the full 64 shades of gray that the 
average eye can discern would double 
that requirement again! 

But this is only the beginning. 
Advanced graphics applications such 
as computer aided engineering (CAE) 
require displays with 1200 x 1000 pixels 
and as many as 256 different colors. 
This requires memories capable of 
storing several hundred million bytes, 
computers operating at 5-10 million 
operations/second, and CRT data 
rates of up to 125 MHz. Typical of the 
computers in this class are the DEC 
VAX and the Gould 32/67 — half a mil¬ 
lion dollars without the chrome and 
tailfins. 

To produce full-color moving pic¬ 
tures of entertainment quality requires 
displays capable of 4000 x 4000 pixels 
with 1000 colors. The memory require¬ 
ments may be in the trillions of bytes, 
and the computers must be capable of 


nearly a billion operations/second. The 
CRAY supercomputer is one of the 
few in this class — and is priced at 
about $10 million! LucasFilm has 
reportedly invested in several CRAY'S 
for the purpose of making movies that 
are 100 percent computer generated. 
Take heart, ATVers — these goodies 
should be available surplus in about 50 
years! 

super broadband amplifiers 
on the horizon 

We've become accustomed to the 
notion that "broadband" generally 
means that a circuit or amplifier can 
cover all of a given band of interest 
with the same characteristics that we 
would expect of a circuit optimized for 
a specific frequency. Recent advances 
in hybrid microwave IC's, however, are 
redefining the concept of "broad¬ 
band." Design groups at Philips 
Research in England have developed 
hybrid ICs using MESFETs that have 
measured bandwidths of nearly 12 
GHz with about 7 dB of gain, and a 
noise figure of less than 8 dB, 
Moreover, the unit is capable of over 
'A watt of output over the entire band! 
Meanwhile, researchers at Hughes air¬ 
craft report an amplifier which is flat 
over the range from 2-40 GHz, giving 
8 dB of gain. Scientists at several other 
organizations are reporting similar 
results which would indicate great 
progress in the development of devices 
and circuit concepts. HEMT GaAs 
FETs promise very low noise and high 
gain at these frequencies, and new 
computer aided modeling techniques 
will be required to optimize the circuit 
layouts and structures required to yield 
these bandwidths. Silicon bipolar tran¬ 
sistors still seem to have plenty of life 
left for these applications. The AT200 
series from Avantek, used in oscillators 
at 20 GHz, demonstrates better stabil¬ 


ity and lower noise than GaAs designs, 
when followed by GaAs distributed 
amplifiers. Not surprisingly, the geo¬ 
metry and dimensions of the silicon 
devices is similar to the GaAs counter¬ 
part. Applications will initially be in 
highly sophisticated areas like elec¬ 
tronic warfare and in the terminal ends 
of optical signal processors, but within 
a few years we should see this capa¬ 
bility forming the basis for a whole new 
generation of lab and test equipment. 
Within a decade we could see low 
power transceivers that cover all the 
Amateur bands in a single unit, 

vacuum tube ICs 
make debut 

For the past several years investiga¬ 
tors have contemplated the notion of 
using techniques that implement the 
microgeometries of transistors in order 
to make vacuum tubes with cor¬ 
respondingly small dimensions. The 
advantages would include the charac¬ 
teristics that make tubes attractive — 
high-temperature operation, radiation 
resistance, and substantial forgiveness 
of voltage surges. 

Designers at Los Alamos National 
Laboratory have fabricated a vacuum 
tube "1C" that contains about 200 tri- 
odes and measures 40 mils on a side. 
It's expected that in about two years, 
devices that contain four to five times 
as many "tubes" and require only one- 
fourth as much space will be possible. 

Because of the inherent high- 
temperature capability of these 
devices, the thermal consequences of 
increasing active device density may 
not be as serious as with semiconduc¬ 
tors. It isn't yet clear that the small 
geometries associated with the 
"microtubes" translate to corre¬ 
spondingly improved high-frequency 
performance. 
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a wrong-headed solution for someone else’s problem 


Anyone who carries on a telephone conversation should have a reasonable expectation that the conversation will be private. 
That's a concept with which it’s difficult to quarrel. After all, like motherhood, apple pie, and the Stars and Stripes, privacy is some¬ 
thing that the American citizen takes for granted. For those who'd challenge the right to electronic privacy there are severe penalties 
against wiretapping and (in the Communications Act of 1934) against the misuse or divulgence of any private communication heard 
over the airwaves. 

However, in the view of the few who are utilizing a relatively small portion of the radio frequency spectrum for a very lucrative 
business — cellular telephone — that's not good enough. After all the time, money, and technical genius they've invested in develop¬ 
ing cellular technology, they've suddenly discovered it's possible for others to eavesdrop on what their customers are saying! 

So have they harnessed some of their technical genius to solve this terrible problem? Of course not. They've gone to the place 
where any and all problems are solved easily and at someone else’s expense: Washington, D C. 

And what's the solution that Washington has devised? Very simple. Under the terms of bills presently moving through the U.S. 
House and Senate, the citizens of the United States will no longer have any fundamental right of access to the radio frequency spec¬ 
trum. As those bills are written, it will become a crime to listen to any radio frequency unless the government specifically decides 
the frequency is one to which it will permit the general public to listen. 

Bizarre? Of course. Absurd? Certainly, but that's precisely the premise of the "Electronic Communications Privacy Act of 1985." 
To be sure, the Act will include some exemptions, with the first being, as a matter of course, for "broadcasting." From then on, 
however, the exemptions will get a bit stickier; the Act's avowed purpose is to "prevent" the casual listener, no matter how innocent 
his intent, from "intercepting" any radio transmission that is not intended for his ears. 

The only exemptions to this blanket closing off of the spectrum to casual listening will be those services specifically excluded at 
their own request or due to the beneficence of the bill's authors. Since WWV's time signals will probably qualify as "broadcasting," 
you should be able to continue setting your watch with them, but if your receiver draws a bit off 10.000 MHz and you end up using 
a nearby unidentified CW signal for code practice, you're going to need a good lawyer if you get caught. 

"But Amateur Radio will be one of the exempt services," you may object, "so what's our problem?" That's just it. It isn't our 
problem — it's everybody's problem. Have you ever tuned below the broadcast band to ship-to-shore CW around 500 kHz, to aircraft 
radio ranges, to the "Lowfers" with their 1-watt rigs on 1750 meters, or to the various odd signals below 100 kHz? Forget it. It's 
going to be illegal. Have you ever tuned between the international broadcast bands to see what else goes on in the HF spectrum? 
Forget it. Illegal. Like to hear what's happening at the local airport tower, on marine VHF FM, or the various caboose-to-engine 
railroad frequencies? Forget it. Illegal! 

Of course, some of these frequencies might not be illegal; they might just be included in that hallowed list of exemptions. But 
do you really want some Congressional staffer in Washington to sit down with a large yellow pad and decide for you each and every 
frequency he’ll let you tune to and which will be forbidden, from DC to light? That's the way the bills are written, and that's the 
way they're expected to work. 

Wrong-headed? This proposal certainly is, because it establishes a position that's precisely 180 degrees contrary to the position 
firmly established for the American people in the earliest days of radio. That position has, from the very beginning, been that the 
radio frequency spectrum is a public resource, and with only the very minimum regulation necessary, the right of public access to 
that spectrum should not be denied. 

This right really dates from just after World War I, when the U.S. Navy tried to maintain complete control of the airwaves it had 
been given when the United States entered the war. When the war began. Amateurs were not only off the air, but also required 
to take down antennas and dismantle receivers. Within weeks after the war's end, a bill was introduced in Congress to continue 
Navy control of all radio communications in peacetime, but due in part to Amateur opposition, the bill failed. Nonetheless, it wasn't 
until April, 1919, that the Navy lifted its ban on Amateur receiving. However, the Navy still wouldn't give up its attempt to retain 
control of all radio until that September, when a Congressional resolution finally forced it to turn radio regulation back to the Depart¬ 
ment of Commerce, and Amateurs once again regained the right to transmit. 

Though in subsequent years the amount of Amateur spectrum has varied from time to time, the right of Amateur Radio to exist 

and for the public to listen to whatever it pleased was never again seriously challenged ... at least until now. This isn't because 
the consequences of unlimited public access to the RF spectrum were not understood; these consequences were addressed in the 
Communications Act of 1934, which made it unlawful to misuse or divulge information derived from listening to private radio commu¬ 
nications. In 1934, at least, the framers of the law were wise enough to realize they could not stop casual radio listening without 
placing a "Kilocycle Cop" in every household. 

So what's really wrong-headed about these bills is their basic philosophy. First of all, they take the position that "We, the elite, 
have the absolute right to decide what you, the populace, can and cannot do with a radio receiver." With this "right," they take 
from all of us — SWLs, Lowfers, scanner buffs, Amateurs, and even the guy with a short wave or "public safety" band on his kitchen 
radio the right to tune a receiver where it pleases us ... a right that's existed since before anyone even knew how to tune a receiver. 

Furthermore, this proposed law is completely unenforceable. It will succeed only in making criminals out of millions of otherwise 
honest citizens, while the tiny minority that eavesdrops for illicit purposes will continue to do so with impunity, just as it does today. 
All this repressive and futile effort, simply to "solve" a problem for a narrow-minded special-interest group with a need to cover 
up its own self-induced shortcoming — lack of communications security - at the expense of the American people. 

This makes me mad — mad enough to tell my Senators exactly how I feel about S-1667 and my Representatives what I think 
of HR-3378. I hope it makes you that mad, too. 

Joseph Schroeder, W9JUV 
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de W9JUV 

THERE IS ft THREAT TO AMATEUR RADIO IN THE "COMMUNICATIONS PRIV ACY ACT DF 1985" in spite of an 
assumption by some observers that "exemption" from its provisions is sufficient protection. 

It could hurt recruitment, since many future Amateurs become interested in Amateur Radio 
through casual listening of the type the new bill would prohibit. Furthermore, the total 
government control of the radio spectrum that it imposes would almost certainly be applied to 
Amateurs in the future. (For additional in-depth discussion of the proposal's far-reaching 
negative effects, see this month's editorial.) 

TWO CONTRADICTORY BAND FLANS FOR THE NEW 33 CM (902-928 MHz) BAND are now in use, following 
adoption of its own plan by the Southern California Repeater and Remote Base Association 
(SCRRBA). The SCRRBA plan, adopted at an 11/16 meeting, totally ignores the ARRL's 
VUAC-developed plan — despite the League's plan having been developed over a period of 
several years and having been well advertised, both before and after its adoption early last 
year. For example, the SCRRBA plan not only incorporates different sub-bands, but different 
FM channel spacing and repeater offsets! Neither plan accommodates the Japanese 903-905 MHz 
personal radios, which could provide an initial source of equipment to encourage startup 
activity on the band. 

Further Delays In Occupying The Band Mill Result from this conflict, with makers hesitating 
to develop 33 cm equipment compatible with two conflicting standards. As a result, 
competition from other services or for other uses for this choice 26-MHz wide band will 
continue to surface. For example, one petitioner has proposed the FCC permit the use of 
low-power video links — for example, VCRs to TV sets — throughout the band. ARRL has filed 
strong comments against the proposal, designated RM-5193 by the Commission, on the grounds 
that such joint use would result in unacceptable mutual interference. 

TWO NEW RUSSIAN SATELLITES ARE SCHEDULED TO BE LAUNCHED in the very near future, possibly in 
early February. The two birds, designated RS-9 and RS-10, are expected to be placed in low 
earth orbit with approximately 120-minute periods. RS-9 will have a single Mode A (2 meters 
up, 10 meters down) transponder, but RS-10 promises to be the most technologica11y 
sophisticated Russian Amateur space effort yet. 

Mod e K (15 Meters Up, 10 Meters Down) and Mode T (a never-before-used 15 meters up, 2 meters 
down) transponders are believed to be included in RS-10, along with the usual Mode A 
transponder. A 2-meter beacon on 145.557 MHz and another on 70 cm (still pending license 
agreements) will also be included. 

RS-10 Is Reported To Have Successfully Completed Checkout and be ready for launch, but RS-9 
has had some problems. If problems are resolved in time, the two birds should be launched 
together; otherwise, RS-10 could go up alone. 

Another ISKRA Satellite Launch. In Connection With Refueling of the Russian Salyut 7 
S pacecraft , is also thought to be imminent. If so, a Mode K transponder will be included. 
Since this is an even lower altitude event, the satellite lifetime could be as short as a 
month or so and the orbital period no more than about 90 minutes. 

A PETITION FDR A 52-54 MHz "PUBLIC DIGITAL RADIO SERVICE" submitted by Don Stoner, W6TNS, has 
been designated RM-5241 by the FCC. Stoner's proposal would create a highly automated 
low-power (1-watt maximum) packet computer-to-computer "hobbyist" radio system, using the top 
half of 6 meters because of its low usage by Amateurs and unsuitability for other purposes 
due to the TVI potential. He also suggests there d be no repetition of the CB chaos of 27 MHz 
in his service, since he proposes no voice communications — only data. The FCC released its 
public notice on RM-5241 on 12/6/85, so the closing date for receipt of Comments was 1/6/86. 

THE U.S. AMATEUR POPULATION CREPT TO AN ALL-TIME HIGH of 413,642 individual operators as 1985 
drew to a close. The breakdown by license class shows Generals most numerous, with 117,082, 
followed by Advanced (97,781), Tech (83,387), Novice (77,087), and Extra (38,305). California 
still has more than twice as many Amateurs as any other state (57,151), with New York 
(25,897), Florida (24,675), and Texas (24,444) in a close race for second. 

Biggest Problem Continues To Be The Novice Class , which is the only license class that's 
failing to grow. At the end of FCC's fiscal 1983 there were 86,781 Novice licenses in force; 
a year later that had dropped to 80,461. At presstime the Novice ranks had dwindled by almost 
another 3400 to 77,087. The continued growth of the higher classes demonstrates the VEC 
program is working well; the failure is in recruiting new blood. 

SPREAD SPECTRUM WILL BE AVAILABLE FOR GENERAL AMATEUR USE ABOVE 420 MHz as of June 1, 1986. 
Though the new mode may be used for essentially any type of Amateur communication, the rules 
governing its use are extensive and quite detailed. Potential users should refer to Part 
97.71 of the Amateur rules, a new section pertaining only to spread spectrum. 

73 MAGAZINE HAS BEEN RETURNED TO ITS FOUNDER. WAYNE GREEN. W 2N5D. in a surprise move by CW 
Communications. CW had acquired 73 as part of the package when they bought Green's computer 
magazines several years ago, and it was well known in the industry that they've been trying 
to dispose of it for some time- What is surprising is that Green has returned to the helm, 
since he'd stated on numerous occasions that he believed Amateur Radio is a dying hobby and 
he no longer had any serious interest in it. 
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odd antennas 

Dear HR: 

Those of us who have been hams 
for 30 years but are not radio engineers 
sometimes wonder about certain 
unused antenna designs. Perhaps the 
expertise of the readership of ham 
radio can enlighten us on these 
peculiar issues. 

For instance, every antenna hand¬ 
book I own describes the advantages 
in gain of 5/8-wave verticals and, 1.28 
wave dipoles, the 1.28 wave dipole 
having a 3-dB gain over a half-wave 
dipole (see the Extended Double Zepp, 
fig. 1). Why aren't more antennas 
designed using the 1.28-wave element, 
especially at frequencies above 144 
MHz? 


5/8 X 

///////// 




L 


150 OHM FEEDPOINT 
(TWO RQ59/R6II COAX 
LINES, SHIELDS 
SOLDERED TOGETHER) 


fig. 1. Extended double Zepp. 


Every good handbook describes the 
Windom 14 percent off-center-fed 
antenna (fig. 2AS, normally usable at 
1/2, 1, and 2-wave frequencies — 
three bands. Why aren't multi-band 
dipoles (fig. 28) tubular beams (fig. 
20 and quads (fig. 2D) designed for 
3-bands per element 14 percent off- 
center-feed? 

And since the Windom 600-ohm 
feedpoint occurs at 14 percent off- 
center (or 64 percent from one end) 
and the high-gain 5/8-wave vertical is 
a 62.5 percent feed point, why won't 
a bent-Windom vertical, fed 64 percent 
up, with a 36 percent horizontal sec¬ 
tion, produce a near 5/8-wave superior 





signal plus a signal on two other bands 
(fig. 3)? 

Since the BBBC (Broadside Bidirec¬ 
tional Bobtail Curtain) (fig. 4) antenna 
is excellent on one band for DX, why 
can't it be fed at the 600-ohm off- 
center Windom feedpoint to make it a 
multiband antenna? 

No doubt there are very good 
reasons why these antennas do not ex¬ 
ist, but a good, logical answer would 
be gratifying to those of us empirical 
tinkerers who are theory-deficient. 

C.N. Francis, W0MBP 
Silsbee, Texas 
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achieve polarization diversity 

through variable power splitting 


Multra-split circuit 
increases signal strength 
and extends 
transmission times 

The reception of high frequency (3-30 MHz) sig¬ 
nals propagated via the ionosphere is characterized 
at times by irregular and deep fading (indeed, in such 
places as the auroral zone, by long periods of exces¬ 
sive absorption resulting in communications blackout). 
This is related to varying amounts of energy in the ver¬ 
tical and horizontal components of the radio wave. A 
device at the transmitter that takes account of this 
condition will enhance communications. Power is 
divided between two transmitting antennas in such a 
manner that ratios of from 1:1 to 10:1 can be effected 
without mismatch. In this manner, vertical and 
horizontal components of the transmission pattern are 
compensated to prevent fading at the receiving loca¬ 
tion utilizing radiation angle diversity. A characteris¬ 
tic of the entire propagation phenomenon during alti¬ 
tude changes of the ionosphere is that the horizontal 
and vertical components never fade simultaneously. 
Power splitting takes advantage of this characteristic 
when other parameters of the system have already 
been optimized. In this way, communications on a par¬ 
ticular band may be extended for up to several hours 
using this technique. 

It is generally accepted that an HF antenna with a 


low angle of radiation is capable of sustaining usable 
communications for additional periods as long as two 
to three hours, during the ionosphere transitional 
periods. 

It is also recognized that during this transitional time 
some disruption of communications circuits takes 
place. HF stations normally change their frequencies 
to re-establish communications. Therefore, any 
reasonable means that will allow a communicator to 
extend the transmission period and/or improve the 
reliability of communications during a transition period, 
without changing bands, is worth investigating. 

During the last 15 years, I have conducted a series 
of limited experiments on 15 and 20 meters using a 
transceiver and a pair of antennas. One was a six- 
element horizontal trap-beam, and the other a verti¬ 
cal antenna. Power from the transmitter was divided 
between the two antennas by means of a network 
called Multra-split, The Multra-split network allowed 
the power to be divided anywhere from 1:1 to 10:1 
without mismatch at the transmitter. 

In practice, the antenna with the highest gain is fed 
the highest power, and generally the higher gain 
antenna is horizontally polarized. However, depend¬ 
ing upon the band of transmission and time of day, 
it can be more favorable to feed higher power to the 
vertical antenna. 

sky-wave propagation 1 

At high frequencies, long-distance communication 
is possible only via sky-wave propagation, whereby 
radio waves are refracted back to earth from one of 
the surrounding ionized layers. These layers are the 

By John H. Mullaney, W3NGJ, 9049 Shady 
Grove Court, Gaithersburg, Maryland 20877. 
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fig. 1. Vertical radiation pattern over earth. 


result of ionization of neutral gas in the atmosphere 
by ultraviolet radiation from the sun. 

Because of the variation in the structure of the 
atmosphere with height and the selective absorption 
by the various gases of the radiation from the sun, the 
ionization tends to have several regions of maximum 
electron density at various heights. These regions are 
the E-layer, at an average height of 70 miles (113 km), 
the FI layer, at about 140 miles (225 km), and the F2 
layer, at approximately 250 miles (402 km). Below the 
E-layer, during the day, is another ionized region at 
an average height of 35 miles (56 km). This is called 
the D-region. The D-region accounts for daytime 
absorption of medium-frequency radio waves. This is 
the principal reason 80 and 160 are considered night¬ 
time bands. These layers, as might be expected (since 
radiation from the sun is the principal ionizing agent), 
are present during daylight. At night the D-region is 
not present, the FI layer merges with the F2 layer at 
an average altitude of approximately 175 miles (282 
km), and the E-layer essentially disappears. 


polarization 

Antennas may be classified as linear elements, aper¬ 
tures, arrays, or traveling wave types. For our discus¬ 
sion, and considering that we are interested in 
Amateur communications in the 2-30 MFIz range, we 
will deal only with linear and array types. 

Two field components are present on an antenna: 
the magnetic and electric fields. Radio waves, like light 
waves, can have a definite polarization. Radio wave 
polarization is determined by the orientation of the 
electric field component, which in turn is determined 
by the orientation of the elements themselves. 

On a linear antenna or an array of elements, the 
magnetic field component is always at right angles to 
the radiator, whereas the electric field component is 
always in the same plane as the radiator. This means 
that a vertical antenna or radiator will transmit a verti¬ 
cally polarized wave and a horizontal radiator will trans¬ 
mit a horizontally polarized wave. 

Most of the common optical effects experienced 
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fig. 2. Vertical radiation pattern for horizontal half wave dipole at 180 degrees above earth. 


with polarized light also occur between pairs of tation of the receiving antenna and its height above 

antennas having different polarizations, when the ground, the received signal may not be usable. The 

medium (such as free space! between the antennas use, therefore, of a vertically and horizontally polarized 

does not affect polarization. A linear antenna used for antenna with a special combining network (such as 

receiving responds most strongly to another antenna Multra-split) may provide improved communications 

with the same polarization, and not at all to one polar- not only from a signal strength standpoint, but also 

ized at 90 degrees to the first antenna. over an extended period of time. 

Vertically polarized waves radiated by a vertical The effectiveness of this method of propagation is 

antenna over imperfect ground are elliptically polarized directly affected by the radiation axis or radiation angle 

because of the presence of a small electric field along of the antennas used. Whether an antenna is verti- 

the ground in space quadrature and the different time cally or horizontally excited, its vertical radiation pat- 

phase from the major electrical component. tern shape is a function of its electrical and physical 

For high-frequency ionospheric layer propagation, heights above the ground, 
the received signal is usually elliptically polarized, even Figures 1 and 2 show the vertical radiation pattern 

when the transmitting antenna produces linear polar- for a horizontal and vertical antenna, 
ization. This condition arises from the effect of the Note that the vertical shape of the elevation pattern 

earth's magnetic field on the ionized layers; it splits is a function of the earth's conductivity. The lower the 

the incident linearly polarized signal into an ordinary conductivity, the more pronounced the distortion to 

and extraordinary wave. The two waves travel at the vertical pattern (high angle signals are hardly 

different velocities and experience different polariza- attenuated). Either antenna can be selected for the 

tion rotations. The resultant received signal is ellipti- high power side, depending upon transmission path 

cally polarized; consequently, depending on the orien- conditions. 


12 G3 February 1986 













One way to enhance reception and transmission in 
a varying polarization environment is to use a com- 
biner/power divider network that responds more 
favorably to the dominant polarization. 2 3 A transmit¬ 
ting type circuit that provides this function (Multra- 
split) is shown in fig. 3- In this case, two antennas 
— one horizontally polarized, the other vertically pola¬ 
rized — are fed by a network that splits the power as 
required. This configuration provides more power to 
the beam antenna. If the polarization that propagates 
best is vertical, then the fig. 4 configuration is more 
appropriate. 

circuit operation 

The Multra-split circuit is basically a simple power 
divider. There are two equal loads (50 or 70 ohms), 
R1, and R2, which represent the transmission line 
resistance for antennas 1 and 2. Reactances Xc and 
X|_ are of opposite sign and their values are uniquely 
determined by the power-division ratio and input 


impedance desired. In this case, the input impedance 
is selected to match the output of the transmitter (50 
or 70 ohms). For our discussion, we will assume the 
use of 50-ohm transmission lines. The power division 
is determined by the transmission path conditions. 
Generally, with a high-gain horizontal beam and a ver¬ 
tical whip, the higher power is fed to the beam and 
just enough power is fed to the vertical antenna to 
obtain the diversity effect. 

The power division can be expressed in terms of a 
factor M\ as follows: 


M' = 


P (hi) 
P (low) 


( 1 ) 


where 

P (hi) = power to fed to Line 1, 

P (low) = power fed to Line 2. 

The value of reactance for the high-power leg (Line 

1 ) 



( 2 ) 


where 

X = value of positive or negative reactance in 
ohms, 

R1 = Line 1 resistance in ohms, 

M' = power-division factor defined above. 

The value of the reactance for the low-power side 
(Line 2) 

is: 

X = ± M' - R2 (3) 

where 

X = value of positive or negative reactance in 
ohms, 

M' = power-division factor, 

R2 = line 2 resistance in ohms (must be equal 
to Line 1 resistance). 

It will be demonstrated later that the input 
impedance will always be equal to the transmission¬ 
line impedances, provided certain design requirements 
are met. This is the same as saying that, under the 
required conditions, the feedpoint resistance will 
always remain equal to the load resistance, regardless 
of the power division between the two branches. 

practical application 

Assume a station desired to divide its power on a 
90/10 basis; that is, 90 percent in line 1 and 10 per¬ 
cent in line 2. The known parameters are: 

f (frequency) = 14.250 MHz. 

P (transmitter output) = 500 watts. 

R (transmitter output impedance) = 50 ohms. 

I (transmitter output current for 500 watts) 
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500 , ... 

= 3.16 amperes. (4) 


Current in line 1 for 450 watts: 
/ = 


/ 450 , n 

/ =3.0 amperes 


Current in line 2 for 50 watts: 
/ 


/ 


50 

50 


1.0 ampreres 


Power division factor: 
M 


,, / P (hi) rw 

sf p (low) sj 50 


= 3 


(5) 


( 6 ) 


(7) 


An inductor is selected arbitrarily for the high power 
branch. The reactance is: 


X L = + = j = 16.7 ohms. (8) 

Because we selected an inductor for the high power 
side, a capacitor must be used in the low power 
branch. Its reactance is: 


X c = M’-RI = 3 x 50 = 150 ohms. (9) 
and since it's a capacitive reactance = -150 ohms. 
The magnitude of X|_ and Xc have now been deter¬ 
mined. The inductance and capacitance can be read¬ 
ily found. The inductance is: 


0.159XI 
L - f 


( 10 ) 


where 

L = inductance in microhenries 
Xl = inductive reactance in ohms, 
f = frequency in MHz. 


solving for L 


L = °' ,5 / 9 4 ' 2 5 6 ' 7 = 0.186 nH (11) 


The capacitance is determined by: 


159 x 103 
~ f x Xc 


where 

C = capacitance in picofarads, 
Xc = capacitive reactance in 
ohms, 

f = frequency in MHz. 


Then: 


C = 


159 X 103 
14.25 x 150 


74.39 pF. 


( 12 ) 


(13) 


The circuit can now be redrawn as in fig. 5. 


L * 0-186fiH 

X L -16.7 OHMS Rl = 50 OHMS 

TO BEAM 




f *l4.Z5MHz 
P- 0.5kW 


X c ‘ -150 OHMS R2-50 OHMS 
C ’ 74.39 P? 


fig. 5. Multra-Split network with matching resistance 
loads. 



circuit variations 

Combinations of X L and Xc can be selected to 
accomplish different power splits. 

In many cases, it's more practical to use variable 
capacitors and inductors to obtain the exact power 
ratio; in others, a fixed capacitor can be made equiva¬ 
lent to a variable unit by using a variable or tapped 
coil in series with a capacitor. 

If you want to operate a transmitter over several 
bands of frequencies, provisions should be made to 
switch in different size components. The size and rat¬ 
ing of components from a voltage and current stand¬ 
point are determined in the usual manner for any 
network. 

It should be noted that the circuit works on the prin¬ 
ciple that both lines are equal in magnitude and non¬ 
reactive. In the event that one or both of the lines are 
mismatched, it's necessary to adjust the Xc or Xl or 
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both to obtain a 50-ohm input for the transmitter. A 
VSWR indicator at the transmitter output or network 
input will indicate a match condition. 

Where either or both antennas have a large mis¬ 
match, the method for determining the combining 
components becomes somewhat more complex be¬ 
cause we have to deal with four variables; that is, two 
resistances and two reactances. The problem, 
however, is not too difficult to solve. 


Example Assume: 

Transmission line 1 = 35 +j35. 

Transmission line 2 = 65 — j40 
Power distribution M' = 3.00 (90 percent/10 
percent). 

Tramsmitter impedance 50 ohms. 

The equivalent circuit can be represented as in fig. 

6 . 

The values for jXI and jX2 are of opposite sign and 
are determined as follows: 


b 2 d 2ea + (b 2 d - 2ea) 2 + 4e 2 (b 2 c - a 2 ) 
2 (b 2 c - a 2 ) 


Xi 


«> 


where 

XI = net reactance for tine I (the toad reactance), 

a = R0-R2 + M' 2 R 0 - R /) 

. 2M ' RO 
° ~ Rl + R2 


c = R2/RI 


d = 

e = 


R2 Rl 


R2 2 


-Rl 2 


M' 2 

R1R2 - RORI - R0R2 + 

M'2-(R2)(R2 2 _ ri3 
Rl j\M' 2 


RO - Rl \ 
Rl + R2> 


R 0 = transmitter resistance = 50 ohms 


Substituting the known parameters, XI = j 28.7 
ohms. 

Remember that XI represents the net reactancce 
required for branch one; hence, because we already 
have j 35 in the circuit we must wash out j 6.3 ohms 
(35-28.7) = 6.3) to obtain the required net reactance. 
This is best accomplished by a series network adjust¬ 
ed to have a reactance of - j 6.3 ohms in series with 
line 1. 

X2 is determined from (and will be a negative reac¬ 
tance because XI is positive). 


X2 = M' 


R2 

Rl 


Rl 2 + XI 2 - 


R2 2 

M' 2 


X2 


(15) 


Substitute in Eqn 15X2 = -j 154 ohms. Inasmuch 
as the reactance for line 2 is - j 40, we have to add 
a minus of - j 154 as required by Eqn 15. We obtain 
this value by using a capacitor which is adjusted to 
- j 114 ohms. 

We can now redraw our circuit as in fig. 7. In prac¬ 
tice we should use a circuit that has series networks 
in both arms because we can adjust these for either 
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plus or minus reactance, depending upon which side 
of resonance we are tuned. Fig. 8 is a typical circuit. 
Due to the fact that we are working with mis¬ 


matched transmission lines, the maximum current and 
voltages at the input of the lines are determined as 
follows: 


table 1. 


Matched condition 
Whore R1 = R2 = 50 ohms 


PI percent 

XI ohms 

X2 ohms 

10 

150.00 

16.67 

20.00 

100.00 

25.00 

30.00 

76.38 

32.73 

40.00 

61.24 

40.82 

50.00 

50.00 

50.00 

60.00 

40.82 

61.24 

70.00 

32.73 

76.38 

80.00 

25.00 

100.00 

90.00 

16.67 

150.00 


table 2 . 

Mismatched condition 
Where R1 = 35 ohms and 
R2 = 65 ohms 

PI percent 

XI, ohms 

X2 ohms 

10 

192.81 

12.59 

20.00 

126.32 

18.24 

30.00 

97.08 

28.09 

40,00 

78,98 

38.08 

50.00 

65.86 

48.86 

60.00 

55.36 

61.51 

70.00 

46.25 

77.93 

80.00 

37.68 

102.73 

90.00 

28.71 

153.85 


and e max = fP-Z 0 x VSWR]* (16) 

, P x VSWR 

1 MAX ~ 7 

£-o 

where 

P = power in watts 

VSWR = voltage standing wave ratio, 

Zq - characteristic impedance of line. 

To demonstrate the effect of a mismatch or VSWR 
vs. a pair of matched lines (Eqns 1, 14, and 15) were 
used to determine the net reactances required for XI 
and X2 for the condition where R1 = R2 = 50 ohms. 



table 3. 



PI percent 

Cl (PFI3 

L1(„H) 

10.00 

58 

0.141 

20.00 

88 

0.204 

30.00 

115 

0.313 

40.00 

141 

0.425 

50.00 

169 

0.545 

60.00 

202 

0.686 

70.00 

241 

0.869 

80.00 

296 

1.146 

90.00 

389 

1.717 
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fig. 10. Three band Multra-Split power divider. 
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and R1 = 35 ohms and R2 = 65 ohms. Table 1 
represents the matched condition, whereas table 2 is 
for the mismatched condition. 

The differences for identical powers is apparent from 
a study of the tables. In practical applications, series 
networks in both legs are used with components large 
enough to handle any mismatch. 

typical multra-split circuits 

Figure 9 illustrates a typical stripped-down version 
of a Multra-Split power divider for one Amateur band. 

C' L’ is a series circuit that can be adjusted either 
side of resonance to wash out any residual reactance 
due to mismatch on the transmission lines, while LI 
and Cl are the components used to control the per¬ 
centage of power to each antenna. 

Table 3 furnishes typical component values for Cl 
and for power division from 10 percent to 90 percent 
where one antenna is a beam and the other a vertical. 
This divider is for 20 meters with the center frequency 
being 14.25 MHz. We are using the inductive branch 
for high power and assume both lines could be mis¬ 
matched. 

Cl would be a variable capacitor of approximately 
25-400 picoFarad, while LI would be a variable induc¬ 
tor of approximately 2.5 /»H. The voltage and current 
ratings of the components would be determined by 
the transmitter power and VSWR. 

The series circuit L' C' would consist of a fixed 
inductor of 4 pH, while a variable capacitor of 25-400 
picoFarad would be used for C'. 

Figure 10 illustrates another Multra-Split power 
divider, used by the author, to cover the bands of 10, 
15, and 20 meters. It will handle 1 kW of power. 

conclusions 

The IVIultra-Split network provides a simple method 
of dividing power between two loads or antennas of 
identical dr dissimilar polarization radiation angles. It 
can be used to improve HF communications because 
it works on the principle of taking advantage of radia 
tion angle diversity. Electrically, the principle is 
straightforward and it should provide a practical eco 
nomical method for power splitting. 
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5 
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AM 
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0 
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cylindrical feedhorns 

revisited 


Another look 
at this 
popular method 

The subject of feedhorn design is obviously of 
interest to Amateurs and experimenters everywhere; 
nine years after my first ham radio article on this topic, 
and almost three years after the second, was pub¬ 
lished, inquiries are still being received.' ? 

The concept of the open-ended waveguide for use 
as an antenna or primary feed for a parabolic reflec¬ 
tor was covered in the first article; the second article 
addressed impedance matching to space, Because of 
limited test pattern facilities, the matter of pattern 
shape was not thoroughly discussed, 

It was only recently that I had an opportunity to 
make radiation patterns of the cylindrical feedhorn on 



fig. 1. Photograph of typical scalar choke. 


a professional pattern range with commercial equip¬ 
ment. These tests were made at frequencies between 
3.7 and 4.2 GHz because the feedhorns were designed 
for that frequency range. The results, however, apply 
equally well on Amateur frequency bands such as 
1296, 2304, 5700 and above, wherever parabolic reflec¬ 
tors would normally be used. 

A scalar feedhorn is generally defined as one 
employing an RF "choke" mounted on the outside of 
the horn near the open end. Commercial feedhorns 
often employ chokes consisting of four to six concen¬ 
tric rings, either diecast or milled from a block of alu¬ 
minum. The purpose is to choke off currents that 
would otherwise flow on the outside surface of the 
horn, thereby producing unwanted radiation and 
power loss. A photograph of a typical scalar feedhorn 
choke is shown in fig. 1. 

A scalar choke can be fabricated for use at Amateur 
frequencies by forming copper strips into concentric 
circles and soldering them onto a brass washer. The 
height of the strips should be slightly less than a 
quarter wavelength, spaced approximately 0.2 wave¬ 
lengths. The latter is not critical, but care should be 
taken to assure that the circles are concentric. 

The choke shown in the second article was a large 
flat brass washer soldered to a short cylinder that slid 
over the outside of the horn for positioning. This type 
of choke is very effective in improving horn efficiency, 
and is much easier to fabricate than the scalar choke. 

Radiation patterns recently made show that the pat¬ 
tern shape using the flat choke is slightly asymmetri¬ 
cal at some frequencies, causing a few degrees of 
"squint." That is, the axis of the beam tends to be 
off the horn axis, and this tends to vary with fre¬ 
quency, as shown in fig. 2. The shape of the pattern, 
and in particular its symmetry, is highly important in 
terms of overall antenna efficiency when a feedhorn 

By Norman J. Foot, WA9HUV, 293 East Madi¬ 
son Avenue, Elmhurst, Illinois 60126 
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fig. 2. Scalar and flat choke pattern comparison. The flat 
choke without slots shows a skew off boresight. 


is used together with a parabolic reflector, especially 
when used over an appreciable frequency band. 

overcoming squint 

The addition of a single set of resonant slots cut into 
the choke overcomes the squint problem. The slots 
act as RF chokes in a manner similar to the concen¬ 
tric rings of the scalar choke. With the addition of the 
slots, squint is removed and patterns are smooth and 
axially symmetrical. Figure 3 is a photograph of a flat 
choke with slots, Thus, while the addition of a flat 
choke to the cylindrical feedhorn produces a good 
match to free space, the slots choke off residual cur 
rents that would otherwise flow on the outside of the 
horn and result in squint. Figure 4 and 5 compare the 
patterns of a feedhorn employing a scalar choke with 
the same horn using a slotted choke. Boresight gains 
are identical, and 3 and 10-dB beamwidths are for all 
practical purposes identical. Figure 4 also shows what 
can happen when the choke is not used. 

slot orientation function of polari¬ 
zation 

In operation, the slots are oriented along the direc¬ 
tion of polarization. When used with vertical polariza¬ 
tion, the slots are located one above the other. Rec¬ 
tangular slots cut in a conducting ground plane are 
sometimes used as radiating antennas; they are nor¬ 
mally excited by connecting a coaxial cable across the 
small dimension. The resulting RF current tends to 
flow parallel to the large dimension of the slot. The 
slot performs like a dipole except that the directions 
of voltage and current are reversed. The long dimen¬ 
sion is approximately equal to a half-wavelength. 3 



fig. 3, Photograph of slotted choke. 



fig. 4. Patterns of vertically-polarized slotted and scalar 
chokes. 


When currents flowing radially outward on the flat 
choke encounter slots oriented in the wrong direction 
(i.e., normal to the direction of slot current flow), the 
current tends to be inhibited and the slots act like RF 
chokes. Choking action is most effective when the 
slots are resonant at the RF operating frequency. The 
slots for use at 4 GHz were cut 1.4 inch long and 0.25 
inch (3.17 x 0.63 cm) wide. The slot width is not criti¬ 
cal as long as it is much smaller than a wavelength. 

If the antenna system uses both horizontal and ver¬ 
tical polarization, such as is the case with TVROs two 
sets of slots should be used to avoid having to rotate 
the choke 90 degrees to change polarization. A choke 
of this kind is illustrated in fig. 6. Not shown are a 
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fig. 5. Patterns of horizontally-polarized slotted and 
scalar chokes. 


pair of orthogonally mounted monopoles inside the 
horn, each of which responds to its respective polari¬ 
zation. Two sets of slots would probably work well 
with circular or cross-polarization as well, although this 
has not been confirmed by test. 

choke dimensions 

The 4 GHz choke shown in fig. 3 has a 7-inch (17.8 
cm) OD and a 2-1/2 inch (6.35 cm) diameter hole at 
its center which slides over the 2-1 /2 inch (6.35 cm) 
OD horn. The inside diameter of the horn is 2-1/4 
inches (5.72 cm) and it is 4 inches (10.16 cm) long. 
A mechanical drawing of this choke is illustrated in 
fig. 1. In the pattern tests, the optimum location for 
the slotted choke was found to be in the plane of the 
open end of t'he horn. Pushing the choke forward had 
very little effect on the gain or patterns, but gain falls 
off somewhat as the choke is moved to a position 
behind the horn opening. 

Choke dimensions can be scaled for operation at 
other frequencies. The 2304 MHz choke should be 12 
inches (30.48 cm) OD and the center hole should be 
slide-fit with the 3.9 inch (9.91 cm) diameter of the 
horn. One-pound coffee can make ideal horns for 2304 
MHz, since their ID is slightly less than 4 inches (10.16 
cm). The choke slots should be 2-1/2 inches (6.35 cm) 
long and about 3/8 inch (0.95 cm) wide. 

At 1296 MHz, the choke diameter becomes relatively 
large. If scaled from fig. 7, it would be 21 inches (53.3 
cm). To avoid excessive shadowing, especially when 
using a relatively small dish, a choke diameter as small 
as 18 inches (45.72 cm) provides reasonably good per¬ 
formance at 1296 MHz. 



tig. 6. Double slotted choke. 



fig. 7. Drawing of slotted choke used in pattern tests. 


A 7/8-inch (2.22 cm) ID brass tube makes an ideal 
horn for the 10.0-10.5 GHz band. The choke should 
be 2.7 inches (6.86 cm) OD with 9/16 x 1 /8 inch (1.43 
x 0.32 cm) slots. 

Reader inquiries may be addressed to Footronics 
Engineering Inc., 293 East Madison Avenue, Elmhurst, 
Illinois 60126, in care of WA9HUV. Please enclose an 
SASE. 
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signal generator 


two-tone 

Check linearity 
of SSB transmitters 
with an easy-to-read 
oscilloscope display 


This article describes a two-tone test generator 
for checking SSB transmitter linearity. In addition lo 
supplying two low-distortion audio tones to the micro¬ 
phone input of a transmitter, it has three additional 
features. The first permits the generation of a "bow 
tie" display on an oscilloscope in which linearity shows 
up as a straight line, which is easily judged, rather than 
as two interlaced sine waves, which are not so easily 
judged. The second feature modulates the level of the 
two tones at a pseudo voice rate, permitting opera¬ 
tion at voice average power levels while viewing a two- 
tone. (Some transmitter power supplies "droop" dur¬ 
ing single-tone or even two-tone operation, reaching 
their peak power output only with a voice waveform 
with its corresponding low average power.) The third 
feature is crystal control of the frequencies, which per¬ 
mits accurate frequency measurement of a transmit¬ 
ter without the necessity of generating the carrier. 

This generator was conceived as a school project 
almost 20 years ago. Assigned to build a circuit board, 
we made a two-tone generator that used two twin-tee 
oscillators, with the high oscillator locked to the third 
harmonic of the low oscillator with a small capacitor. 
When the output of the low oscillator, through a phase 
shift network to compensate for phase shift in the 
transmitter, was fed to the X input of a scope and the 
transmitter output was fed to the normal V input, a 


"bow tie" pattern resulted, making judging distortion 
easy. But the tones had significant distortion and the 
third harmonic lock was unstable. Over the years I tried 
to improve it by various means, including the use of 
function generator ICs. This design, which offers max¬ 
imal features but minimal complexity, is the final 
product. 

operation 

For normal operation the output is connected to the 
microphone input or phone patch input of the trans¬ 
mitter (see g.D. ie oscilloscope is usually con¬ 
nected to the RF output via an X10 probe; the RF out¬ 
put is then connected to a 50-ohm dummy load. Turn 
the transmitter and the test generator on and adjust 
the balance and level controls for minimum valleys and 
peak output as shown in fig. 2A. The switches should 
be in the "normal" and "600 Hz" positions. The scope 
output may be connected to the "external trigger" or 
"channel B" input to the scope and used to syn¬ 
chronize the display. Varying the phase control will 
shift the display horizontally. 

For a "bow tie" pattern, shift the scope output of 
the generator to the X input of the scope. Adjust the 
X channel gain for full horizontal display. With the 
transmitter on, a pattern similar to fig. 3 should occur. 
Rotate the pattern with the phase control to produce 
a "bow tie" pattern similar to the one shown in fig. 
2B. (Figure 2B was taken with a commercially built 
Amateur transceiver and appears to be perfect, yet 
slight variations in linearity are clearly visible in the 
"bow tie" pattern of fig. 2B.) Figure 4A shows a pat¬ 
tern produced by a transmitter with severe crossover 
distortion caused by low screen grid voltage and fig. 
4B depicts the same with a "bow tie" display. Figures 

By Bill McLagan, YB9ATA/WA7AQN, 

c/o MAF, Box 239, Sentani, Irian Jaya, 
Indonesia 99000 
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fig. 1. Test connections, two-tone test generator to trans¬ 
mitter. 


table 1. Measured power output of a transceiver under 
test. 


Single tone 120 watts 

Two-tone 60 watts 

Two-tone, pseudo voice 15 watts 

Voice ("e" as in ''hello") 15 watts 

Voice, as above. 20 dB 50 watts 

compression 


5A, 5B, 6 A, and 6 B show two different kinds of dis¬ 
tortion and the resulting patterns. 

Figure 7 shows a display using the "modulated" 
feature to reduce the average power to that encoun¬ 
tered during modulation. The synch switch is changed 
to 75 Hz to synchronize the display. Relative power 
levels for each mode as measured on a commercially 
built Amateur transceiver are shown in table 1. 

For precise frequency measurement, a single tone 
is fed into the transmitter. The audio frequency is 
added to (for LSB) or subtracted from (for USB) the 
counter reading to arrive at the correct carrier 
frequency. 

theory, digital section 

U1, a CD4060, contains an oscillator and a 14-stage 
binary divider. Y1 can be either a 3.579545 TV crystal 
(producing output frequencies of 582 and 1746 Hz) or 



fig. 2A. Output of a commercial transceiver, standard two- 
tone pattern. 



fig. 2B. Output of a commercial transceiver, bow tie pattern. 

a 3.6864 crystal (producing output frequencies of 600 
and 1800 Hz). The tenth binary stage puts out a 3600 
Hz square wave, which is fed to U3, a CD4017 decimal 
counter set up to reset on the third count, resulting 
in a 1200-Hz asymmetrical square wave. 

Both the 3600 Hz signal and the 1200 Hz signal are 
divided by two by U2 to produce 1800-Hz and 6 OO-H 2 
symmetrical square waves. The 1800 Hz signal is 
locked to either the leading or trailing edge of the 600 
Hz wave via differentiator C17 and R4, which triggers 
the reset input of the 1800 Hz divide-by-two section. 
S4 permits triggering from either the Q or Q output 
of the 600-Hz divide-by-two. This insures that the 
generator will always slart up wilh the same phase 
relationship and permits changing the phase 1 80 
degrees to compensate for the less-than-360 degree 
phase shift available from the "fine" phase control. 
U7 further divides down the signal to provide 75 Hz 
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fig. 3. Bow-tie pattern before adjustment of phase control. 


for the modulator and 0.146 Hz for the LED ''on'' indi¬ 
cator. The LED flash provides a visible indication of 
the operation, yet avoids the 10- to 20-mA drain of 
a steady lamp. 

theory, analog section 

R5, C5, R6, and C6 provide two poles of iowpass 
RC filtering to reproduce a near sine wave of 1800 Hz. 
I've found that when converting a fixed frequency 
square wave to sine that multiple RC Iowpass sections, 
operated well beyond cutoff and followed by an op 
amp to recover gain, is simple and effective. In this 
case, very low distortion is needed so U4B is con¬ 
figured as a multiple-feedback bandpass filter. U4A is 
set up similarly, but for the 600 Hz channel. The ser¬ 
ies resistors in the RC sections may have to be 
changed slightly to adjust for equal gain through each 
channel and/or set the output of the bandpass filters 



fig. 4A. Severe crossover distortion, standard position. fig. 5A. Minor distortion, higher levels emphasized, standard 

pattern. 



fig. 4B. Severe crossover distortion, bow-tie pattern. fig. SB. resulting bow-tie pattern. 
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fig. 6A. Minor distortion, higher levels deemphasized, stan¬ 
dard pattern. 

to approximately 1 volt RMS. Both signals are mixed 
together at the balance potentiometer and go to the 
the transmitter through a voltage follower, U4C, and 
the level control. Up to this point, the circuit is similar 
to any conventional two-tone generator. 

To obtain the "bow tie" pattern, the low tone must 
be sent to the X channel through a phase shifter to 
compensate for phase shift in the transmitter. U4D 
inverts the 600 Hz tone and feeds one side of phase 
shift network C13 and potentiometer R20. Nearly 360 
degrees of phase shift is possible. Voltage follower 
U5B presents a high impedance load to the output of 
the phase shift network and drives the scope isolation 
transformer, T1. Note that the secondary of T1 is kept 
floating from the chassis. Without DC isolation, severe 
problems with ground loops often occur. Care must 
also be taken with oscilloscopes that have a simple 
X input because they can be easily overdriven by the 
several vplts available at the scope output. A 500-ohm 
to 500-ohm transformer could be used as well. 

To provide the modulated function, the 75 Hz 
square wave is converted to a near sine wave by three 
poles of RC filtering followed by gain recovery stage 
U5A. The 75 Hz signal enters the AGC input of U6, 
varying the output at a 75 Hz rate. 

construction 

I built the prototype using perf board, 1C sockets, 
and point-to-point wiring using 30 gauge wire. Later 
I made a circuit board. Either way works fine. In the 
unit shown (see photo 1), I used some exotic dual¬ 
section pots with push-pull switches from my junk 
box, but normal pots will work just as well. I also added 
an extra 9-pin plug to allow the use of individual 
adapter cables to various transceiver microphone 
inputs and a switch to key the transmitters on. The 
case, battery holder, and switches came from Radio 



fig. 6B. Resulting bow-tie pattern. 



fig. 7. Pseudo voice pattern using "Modulated" functions. 


Shack. Mylar capactors should be used in the filter 
sections and the phase shift network. The 0.1 /iF 
capacitor shown in the power supply line should be 
placed directly across pin 16 and 8 of U1. 

alternatives 

One alternative that might be tried is using a 32 kHz 
watch crystal. In this case, R1 should be changed to 
10 Megohms and R2 to 680 or 750K. Only four stages 
of binary division would be required to produce 4096 
Hz at the input of U2A, resulting in input tones of 2048 
Hz and 682.66 Hz. The TL084 and LM353 ICs were 
used because they produce very little distortion. An 
LM324 and an LM348 could be used if resistors were 
added from the output of each amp to either ground 
or V cc to cause the 1C to always supply current in one 
direction. The crossover glitch is very visible on a sine 
wave. Don't omit the load resistors on the trans¬ 
formers; if you do, significant distortion will result. 
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If you want to operate the two-tone test generator 
from an external AC or DC supply, or to ground the 
case to some external test equipment, an isolation 
transformer must be added to the audio output. In this 
case, T1 would not be needed, and the scope could 
be driven directly from voltage follower U5B. I tried 
this in one case and it worked fine. Again, don't for¬ 
get to to terminate the transformer correctly! The 
power supply can be anything from 8 to 14 volts but 
must have very low ripple. I would recommend a three- 
terminal regulator in this case. 

testing the circuit 

Plug in the digital ICs. Use some form of current 
limiting in the power supply - to begin with, a 10-ohm 
resistor in series with a battery or a current limiting 
power supply. Turn the unit on and determine that 
normal current is flowing. Check for 3600 Hz, 1800 Hz, 
1200 Hz, 600 Hz, 75 Hz, and 0.146 Hz at the places 
shown. If the lamp begins to flash every 5 seconds 
or so, then you can be sure most of it is working. 


Plug in U4 and U5. Place a scope probe at the out¬ 
put of the 1800 Hz sine wave generator, U4B, and 
adjust R8 for maximum. Approximately 2 volts peak- 
to-peak should be present at this point. If the level is 
too high, causing distortion, and everything else 
checks out, increase the values of R5 and R6. In the 
same way, check out the 600 Hz sine wave genera¬ 
tor. Move the scope to the output connector. Look 
for about 2 volts peak-to-peak of combined 600 Hz and 
1800 Hz as the balance control is varied (with level at 
maximum) and for normal operation of the level con¬ 
trol. Check at the output of U5A for a 75 Hz sine wave. 

Put the scope on the output again, adjusting for 
1800 Hz only. Put the S2 in the "mod" position and 
adjust R33 and R30 to produce approximately 100 per¬ 
cent modulation of the 1800 Hz tone with a peak level 
equal to the level in the "normal" position. Some inter¬ 
action is present between these two controls, so 
several adjustments may be necessary. Turn the 
balance control for only a 600 Hz tone and check for 
approximately the same peak voltage in the "mod" 
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and "normal" positions. The only glitch I've noticed 
in building several units is a tendency to oscillate when 
the level control is set at maximum. This occurred on 
a unit that used ribbon cable to connect the controls 
to the PC board, and since the level control is rarely 
at maximum in operation, I decided to ignore it. 

conclusion 

A two-tone generator with a "bow tie” pattern 
makes it easy to check linearity in an SSB transmit¬ 
ter. In fact, I found I had to be careful because I ended 
up trying to correct linearity problems that were nor¬ 
mal to the equipment! But on the whole, it has made 
SSB servicing much easier and is certainly less expen¬ 
sive than a spectrum analyzer. 

ham radio 

s- SHORT CIRCUIT HOTLINE -x 

Building a current ham radio project? Call the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
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(See "Publisher's Log," April, 1984, page 6, for 
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PRACTICALLY SPEAKING 


troubleshooting II: 
solid state circuits 

Last month I discussed methods 
for isolating the dead stage in a radio 
receiver. These methods — signal 
injection and signal tracing — are 
capable of showing us which stage is 
bad, and from there we can do further 
troubleshooting to isolate the faulty 
component. 

In this installment, we'll look at 
another method that I learned more 
than two decades ago when solid-state 
car radios first appeared on the mar¬ 
ket. This method uses a DC voltmeter 
to isolate the faulty stage. It's not fool¬ 
proof, but is well suited to many appli¬ 
cations — especially when combined 
with other methods. 

First, let's look at fig. 1. Here we 
have NPN and PNP transistors. In 
most amplifier circuits the base-emitter 
voltage will be 0.2 to 0.3 volts for nor¬ 
mal germanium transistors (used in 
older equipment) and 0.6 to 0.7 volts 
for silicon transistors. In a PNP tran¬ 
sistor the base is more negative than 
the emitter, and in an NPN transistor 
the base is more positive than the 
emitter. 

Further, the collector will be more 
positive than either base or emitter in 
NPN transistors,* and more negative 
in PNP transistors. Keep in mind that 
the term "more negative" can mean 
"less positive" in some cases. I know 
that's confusing, so let's try to clean 

*lf the transistor stage is in saturation, the collector 
voltage will drop below the base voltage - i.e.. 


it up. Consider fig. 2. Here we have 
a cascade chain of three stages in a 
radio receiver. Each stage consists of 
a PNP transistor that's powered from 


a positive DC power supply. The col¬ 
lectors of the transistors are near 
ground potential, while the emitters 
and bases are closer to the + 10.5 volt 
"B + " line. If you measure the collec¬ 
tor voltage with respect to ground, 
you'll find it very slightly positive, while 
the emitters are at a much higher 
potential. Thus, the collector's being 
less positive "causes it to perform as 
if it were negative." 

Voltmeter "A" will measure the 
potential between the points being 
measured (in fig. 1, an emitter) and 
ground. If the voltage is near normal 
at each stage, then we can assume 
that there are no massive short circuits 
— but we can't get a hint of whether 
the stage is working properly. 

Voltmeter "B” is connected with its 
positive electrode on the B + distribu¬ 
tion line, and the other used to probe 
the emitters of the stages. The B + line 


can often be located from the service 
manual, but in some cases you'll have 
to fake it. Look for the electrolytic 
"filter capacitor" used to decouple the 


B + line (Cl in fig. 2). This filter capa¬ 
citor will denote the proper line (unless 
you accidentally selected C2I), and 
usually has enough of a tab to allow 
connection of the voltmeter probe. 

The voltage drop across the emitter 
resistor of each stage indicates the cur¬ 
rent conduction of the stage. If the 
service manual does not give the nor¬ 
mal voltage drop, then calculate it 
from the emitter potential printed on 
the schematic and the B + voltage. In 
the case of the IF amplifier of fig. 2, 
for example, the emitter voltage is 9.1 
volts, while the B+ voltage is 10.5 
volts. The normal conduction of this 
stage will be indicated by a voltage 
drop across the resistor of 10.5 - 9.1, 
or 1.4 volts. Any radical departure 
from this value indicates a problem. 
For example, a shorted transistor 
would send that conduction voltage 
(across R3) up to near 10 volts, while 
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a leaky transistor would place the vol¬ 
tage somewhat lower but still larger 
than 1.4 volts. Similarly, an open emit¬ 
ter (or other condition that cuts off the 
stage) will reduce the voltage across 
the emitter resistor to nearly zero. 

We can isolate the defective stage 
by looking at each emitter voltage in 
turn. Most often, the defective stage 
will show up from an anomally in the 
emitter conduction voltages. 

Radios with NPN transistors in the 
stages are similarly treated. Figure 3 
shows a radio with NPN transistors 
powered by a positive-to-ground DC 
power supply. The collectors of these 
transistors will be close to the B + 
potential, while the emitter and base 
voltages will be a lot lower. The values 
shown in fig. 3 are typical, but they 
are not to be held as absolute (there 
are a lot of design choices that could 
alter the values, so buy and consult the 
service manual for your rig). 

As in the case of the PNP stages, 
the NPN emitter conduction voltage 
denotes stage activity. In this type of 
circuit, however, the reference is 
ground instead of the B + line. The 
principle is the same, however. We 
can check each conduction voltage in 
its turn and determine whether any of 
them are off. Fortunately, there are 
fewer calculations to make in this type 
of circuit. The emitter voltage on the 
schematic is the conduction voltage. 

Both of the methods discussed 
above assume that there is a positive 
with respect to ground DC power sup¬ 
ply. This arrangement is used in all 
modern American automobiles, so will 
be found typically in mobile rigs. In 
home rigs the DC power supply is 
often the same positive with respect to 
ground as shown here, but that is not 
necessarily so. It might be the case 
that the power supply is negative with 
respect to ground, or that there are 
two power supplies (one positive to 
ground and one negative to ground). 
The principle in these cases are the 
same, only the point of voltage refer¬ 
ence will change. 

Variable frequency oscillators. 


whether in a receiver or transmitter 
VFO, will behave a little differently. In 
most cases, the DC conduction of the 
oscillator transistor varies with fre¬ 
quency setting. Typically, the voltage 


will be higher at the low end of the 
band, and lower on the high end of the 
band (with a smooth transition as the 
dial is tuned). A sudden discontinuity 
in this transition might indicate a sud- 


l-F AMPLIFIER 



fig. 2. Voltage drops across the emitter resistors determines if the PNP transistors are 
operating properly. 
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fig. 3. With NPN transistors, emitter resistor voltage drops are usually determined just 
by measuring the emitter voltages (with respect to ground). 
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den cessation of oscillation (or a para¬ 
sitic developing) at that point on the 
dial. 

Crystal oscillators behave in a simi¬ 
lar manner. If the crystal selector 
switch is changed, then the voltage 
can be expected to change also. If the 
crystal is removed, then the voltage 
will usually change radically. 

By the way, don't remove crystals 
willy-nilly. In some cases, especially 
when the next stage is a grid-leak 
biased vacuum tube power amplifier, 
damage might occur to the equipment. 

an ambiguous case 

There are three ways to stage iso¬ 
late a dead radio receiver. In part I of 
this two-part series, we reviewed sig¬ 
nal injection and signal tracing and in 
this article we discuss using a DC volt¬ 
meter to find the defective solid-state 
stage. But some situations are not as 
clear. 

Consider fig. 4. This circuit is a sim¬ 
plified audio section, with only the 
preamplifier shown in detail. The com¬ 
bination of AF preamplifier and output 
power amplifier may be capacitor cou¬ 
pled (as shown here), direct coupled 
or in the form of a single integrated cir¬ 
cuit housing both stages. The symp¬ 
tom is weak reception. All stations 
are heard, but at very low volume. If 
you read last month's article, you'll 
recall that this symptom generally 
points to the output IF amplifier, 
detector or audio stages; but in this 
case, it's the audio stage that contains 
the fault. 

I've seen a lot of cases where the DC 
voltages on Q1 were normal and there 
seemed to be adequate signal passing 
through the stage regardless of 
whether signal injection or tracing was 
used. The ambiguity will show up 
except in the very special case where 
the sensitivities and impedances of the 
signal generator and signal tracer are 
matched to the particular equipment 
being serviced (some "radio analyst" 
instruments used by commercial ser¬ 
vicers fall into this category). 

In the event that this ambiguity 


shows up, jump on capacitor C2. This 
capacitor is used to place the emitter 
of Q2 at or near ground potential for 
AC while retaining the DC bias on the 
emitter. If this capacitor opens up, the 
gain of the stage will go down one 
heckuva lot without (usually) affecting 
the DC voltages. Turn the rig off, 
solder tack a replacement capacitor 
across C2 (the exact value isn't criti¬ 
cal — anything ±^)0 percent of the 
correct value will do for the test). Turn 
the rig on. If the output volume comes 
up a lot, then mark C2 for 
replacement. 

I don't know why it is, but this 
problem seems to keep popping up. 
I've seen it in varying degrees in car 
radios, home radios, Amateur radios, 
CB radios and commercial two-way 
radios. It also turns up in vacuum tube 
equipment. 

Old Gear Restorer's Note: If you 
restore an old Heath DX-60B (or other 
older transmitter) and find the RF out¬ 
put intermittent as the rig is keyed, 
then look to the plate circuit of the 
crystal oscillator. This circuit is a modi¬ 
fied Miller oscillator, and has a slug- 
adjusted inductor in the plate circuit. 
When the rig is stored, unused for 
several years, the core of this coil will 


change characteristics, and the oscil¬ 
lator will refuse to oscillate reliably. I 
scratched my head over two of these 
rigs last year and finally stumbled on 
the answer. While keying the rig, care¬ 
fully adjust the slug until reliable oper¬ 
ation occurs (as indicated by a light- 
bulb dummy load or RF wattmeter), 
then give it another turn or so. 

Incidentally, similar circuits are used 
in a lot of older ham gear, both 
vacuum tube and solid state, HF and 
VHF. Anytime you have a piece of 
equipment with an oscillator of this 
type that seems to operate intermit¬ 
tently or unreliably, and everything else 
seems to check out, then consider 
adjusting the coil. 

Normally I don't recommend "did- 
dlestick" troubleshooting — to the 
extent of hollering "NEVER!" when 
someone suggests it. One of the few 
possible exceptions might be in equip¬ 
ment that has been unused for many 
years, and contains ferrite core coils in 
oscillator circuits. I still maintain that 
sudden failures in equipment that has 
been working should be regarded as a 
component failure, not as an align¬ 
ment problem so in that case, leave the 
darned diddlestick in the toolbox! 

ham radio 
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the offset drooper 

an improved ground plane 


Reduce antenna effect 
and still achieve 
a 50-ohm 
feedpoint resistance 

The original "ground plane" omnidirectional 
antenna was developed in the late 1930s jointly by Dr. 
George H. Brown, J. Epstein and R. F. Lewis, 
W2EBS, all of RCA Laboratories. It consists of the 
long-familiar configuration of a vertical quarter wave 
"spike" working against four resonant radials at 90 
degrees to the mast. In the original version, patented 
in 1941, the feedpoint impedance is matched to the 
coaxial feedline by means of a quarter wave coaxial 
"Q" section. A typical Amateur adaptation is shown 
in fig. 1. In 1942 Dr. Brown patented, solely, the ver¬ 
sion shown in fig. 2, which has several advantages 
over that of fig. 1. 

These basic "ground plane" antennas exhibited less 
antenna effect (surface current) on the mast and feed¬ 
line than did other omnidirectional VHF antennas 
widely used at the time. However, the four radials at 
90 degrees to the mast are somewhat "transparent" 
and definitely resonant. For this reason they may be 
considered more a part of the antenna than a virtual 
ground plane for the "spike," Semi-infinite ground 
plane characteristics would allow little radiation below 
zero degrees elevation. Such a pattern might be un¬ 
suited to a mountain top location or a swaying free¬ 
standing mast. 

Because of the direction of current flow in the 
radials, the resultant radiation from the individual 
spikes results in good cancellation, and there is little 
net radiation from them. The fact that one may touch 
the tip of one radial with little effect on VSWR doesn't 
mean that the radials do a good job of simulating a 
large, flat conductive sheet. Because of the quarter 
wavelength of the radials, pinching the tip of one ele¬ 
vates the impedance at the opposite end and effec¬ 
tively isolates it. The remaining three radials simply 
take over, with only moderate detuning of the 
antenna. 


The result of all this is as follows: the performance 
of a "90 degree" ground plane represents an improve¬ 
ment over several previously popular base station 
antennas. However, while orienting the resonant radi¬ 
als at 90 degrees does reduce inductive coupling to 
the coaxial line and mast, it doesn't effectively elimin¬ 
ate it. The coupling is sufficient that the resulting 
antenna effect may be found undesirable for some 
applications. 

Long popular among hams for VHF and upper HF 
is the "droopong" ground plane, a simplified, less ele¬ 
gant, low-cost descendant of the Brown ground plane. 
Simply bending down the horizontal radials to about 
45 degrees raises the radiation resistance to 50-52 
ohms. This permits direct connection of the coax 
without use of a matching device. A more appropri¬ 
ate description might be "skeleton skirt dipole," 
because the resonant drooping radials don't do a very 
good job of serving as a virtual ground plane. Instead, 
they exhibit more inductive coupling to the feedline 
than do radials at 90 degrees. 

Nearly 40 years ago, in the Antenna Manual, I 
pointed out that while the drooping ground plane or 
"drooper" is simple and works well, the configuration 
aggravates antenna effect. For the benefit of those not 
familiar with the term, antenna effect (transmit case) 
can be described briefly as follows: 

Antenna effect on a two-wire line: refers to line radi¬ 
ation as a result of "common mode" current. Part of 
the power (energy) fed to the feedline travels on it as 
though the two wires were tied together and were 
working against ground. Usually it results from load 
imbalance and/or excessive coupling from one side 
of a balanced antenna to the line. Common mode cur¬ 
rent adds in one wire and subtracts in the other. This 
in-phase component of the total power fed to the line 
acts as though the two wires were in parallel. So it 
gets radiated. 

Antenna effect on a coaxial line refers to radiation 
from a coaxial feedline as a result of current flowing 
on the outside of the outer conductor. The current 
often is shared with the surface of a metal mast sup¬ 
porting a bottom-fed vertical antenna. Usually it results 
from either or both of the following: 

• The outer conductor of the coax is directly con¬ 
nected to a point on the antenna not precisely at 

By Woodrow Smith, W6BCX, P.O. Box 2898, 
Anaheim, CA 92804 
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ground potential. As a result, current flows not just 
to the antenna, but is encouraged to flow back down 
the outside of the coax shield to a virtual ground as 
well. The "ground" can be a cabinet at VHF or house 
wiring at HF, for example. 

• Excess inductive coupling exists from one half of the 
antenna to the outside of the coax or metal supporting 
mast (or both). The radials of a drooping ground plane 
are a case in point. If the coax is enclosed by a metal 
mast, spurious current flows on the surface of the 
mast. If the coax is draped along the outside of a metal 
mast, current flows on the surfaces of both and both 
radiate. To complicate things, the mast can have its 
own virtual ground. 

is antenna effect all that devastating? 

At just what point antenna effect becomes serious 
enough to be concerned about is debatable. The 
amount of current that can be tolerated on the out¬ 
side of a coax line or mast or both depends to a great 
extent upon the following: 

On transmit, let's first consider a well elevated, verti¬ 
cally polarized, omnidirectional VHF antenna with a 
feedline many wavelengths long. What is the result 
of antenna effect? Normally little of the power (energy) 
radiated with vertical polarization from such a long 
feedline (and the mast) will be directed at the horizon. 
For this reason, little of the spurious radiation will either 
add to or subtract from the energy being radiated 
effectively towards the horizon by the antenna proper. 

So at VHF the end result of antenna effect on trans¬ 
mit is primarily a waste of power. But even if as much 
as 20 percent of the total radiated power is radiated 
by the coax, mast or both and thereby wasted, the 
resulting 1 dB loss is hardly anything to get worked 
up about. This is especially true when it buys worth¬ 
while simplicity, convenience, or economy. However, 
if the radiating coax passes close to a TV receiver feed¬ 
line, TVI may result if the TV coax suffers from poor 
shielding, or if the TV twinlead feeds a poorly balanced 
receiver front end. 

On receive, the situation is different. Consider a 
coax line running through a localized area of high 
ambient noise. Antenna effect can cause noise picked 
up by the outer conductor of the coax to travel up to 
the antenna proper, then back down the coax to the 
receiver input just like a desired signal. 

baluns vs. resonant isolators 

Baiuns of the type used with HF dipoles to minimize 
antenna effect are not suited for use with vertically 
polarized VHF antennas of the omnidirectional type. 
Instead, resonant detuning sleeves, cones, and radials 
are widely used as isolators or decouplers to "cool off" 
the mast and feedline. To what extent these produce 
any practical benefit in a particular installation by 
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reducing antenna effect often is open to question. The 
use of coiled coax, ferrite beads, or a ferrite sleeve to 
choke off or dissipate surface current on the coax does 
not solve the metal mast problem. 

Granted, no startling increase in transmitted signal 
strength will be noted when a resonant isolator of 
some kind is added to a simple VHF drooping ground 
plane. But even so, suppose it were possible to achieve 
a big reduction in antenna effect on the drooper with¬ 
out adding a resonant isolator. Suppose the various 
resulting advantages (such as they are) could be 
achieved by simply altering the dimensions and the 
droop angle. 

something for nothing? 

It's not only possible; it's simple. And there are no 
additional parts or materials, and without any addi¬ 
tional manufacturing, construction, or assembly labor. 
Here's how: take the case of a conventional drooper 
that's supported by a metal mast enclosing the coax. 
Current is induced on the mast as a result of induc¬ 
tive (mutual impedance) coupling to the radials. If the 
coax exits the hub external to the mast (offset antenna 
mount), spurious current also appears on the outside 
of the coax. 

This detrimental inductive coupling can be reduced 
somewhat by reducing the droop of the radials (the 
angle they make with the horizontal). The remainder 
can be compensated for by deliberately introducing 
a critical amount of conductive coupling of opposite 
phase. This is done by drastically offsetting the feed- 
point from the voltage node. 

The offset required for good cancellation is accom¬ 
plished by simply making the radials as much as 30 
percent (yes, thirty percent!) longer than the spike. 
Because precise cancellaton is somewhat frequency- 
sensitive, the effectiveness will vary a bit over the 
2-meter band. However, in spite of the fact that opti¬ 
mized coupling neutralization is less than perfect over 
the whole band, the practical results obtained are most 
worthwhile. 

Offsetting the feedpoint from the voltage node 
raises the feedpoint resistance. On the other hand, 
lessening the droop angle lowers the feedpoint resis¬ 
tance (by lowering the radiation resistance). By proper 
choice of these two values, it's possible to reduce 
antenna effect dramatically while at the same time 
achieving a 50-ohm feedpoint resistance. With an off¬ 
set represented by a 28-30 percent radial-to-spike 
length differential, a 27-29 degree droop angle provides 
both maximum reduction in antenna effect and a 
50-ohm feedpoint resistance. To some extent the opti¬ 
mum values vary with conductor diameter, mast 
diameter, and hub geometry. Less important is 
whether the coax departs the hub inside or outside 
the tubular mast. 


Neither the 1.5 VSWR bandwidth nor the antenna 
gain is noticeably degraded by drastically offsetting the 
feedpoint and reducing the droop of the radials. And 
in case you're skeptical about the horizon gain compar¬ 
isons, it's true that the spike is slightly shorter on an 
offset drooper. Likewise, the resultant vertical com¬ 
ponent or vector of the drooping radials is a little 
shorter for an offset drooper than for a regular 
drooper. But careful measurements show this does not 
affect the gain significantly. Increased current through¬ 
out the antenna resulting from the lower radiation 
resistance (about 35 ohms) compensates. Also, power 
wasted by line and mast radiation is reduced to insig¬ 
nificance. 

Out of curiosity, a check was made to see just what 
would happen if the feedpoint of a classic 90-degree 
ground plane were deliberately offset. When the res¬ 
onant radials were lengthened, an arbitrary 12 percent 
and the spike length and matching adjustment were 
re-optimized, antenna effect was virtually eliminated. 
However, overall performance was no better than that 
of an offset drooper, which has the advantage of 
requiring no matching device. Because of the latter, 
no further work was done with 90 degree ground 
planes. It is interesting to note that when resonant 
radials at 90 degrees to the mast were shortened 
experimentally by no more than a few percent, 
antenna effect was markedly aggravated. 

improvement over what? 

A check was made on drooper dimensions given in 
various handbooks and past magazine articles. Also, 
two different commercially manufactured 2-meter 
droopers were purchased and the dimensions meas¬ 
ured. The effective radial length ranged from slightly 
longer than the spike to slightly shorter. All were 
series-fed at the hub without benefit of a matching 
device. None employed a resonant decoupler, such 
as an extra set of radials below the antenna oriented 
90 degrees to the mast. 

The reduction of antenna effect provided by drasti¬ 
cally offsetting the feedpoint of a drooping ground 
plane depends, among other things, upon how bad 
the antenna effect is to begin with. This varies some¬ 
what with location of the voltage node on the regular 
drooper used for comparison. For instance, antenna 
effect definitely will be worse if the radials of a regu¬ 
lar drooper are significantly shorter than the spike, as 
was the case with one of the name brand antennas 
tested. This makes an offset drooper appear just that 
much better by comparison. 

a spurious top-fed Marconi is the 
culprit 

The degree of improvement will also vary with the 
length of the coax. This is explained as follows: the 
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outside of the coax shield will do its best to act like 
a "harmonic Marconi" fed at the top instead of the 
bottom. Just how effective (and therefore how objec¬ 
tionable) this is will depend to a great extent upon the 
electrical length of the coax shield in wavelengths from 
"virtual ground" to the point of attachment to the 
radials. 

Unfortunately, with 40 feet of coax, QSY from 144 
to 148 MHz can change the electrical length of the 
shield substantially. This in turn affects the feedpoint 
impedance of the spurious "upside down harmonic 
Marconi." The variation can affect the amount of line 
radiation by 10 dB or more in the case of a conven¬ 
tional drooper. Things get even more involved when 
comparing an offset drooper to a regular drooper for 
antenna effect simply by swapping them at the end 
of the same feedline. The radials of a 2-meter offset 
drooper are longer than a quarter wave and their 
impedance to ground at their feedpoint therefore is 
affected. This was taken into account when design¬ 
ing the antenna and making comparison measure¬ 
ments. 

the test set-up 

For reference, a 2-meter drooper with optimized off¬ 
set feed was constructed with four radials 30 percent 
longer than the spike and having a droop angle of 28 
degrees. For starters for those who might like to 
experiment, the 1/8 inch diameter spike measured 18 
3/8 inches and the 3/32 inch diameter radials 24 
inches, all of brass welding rod. Size and configura¬ 
tion of the hub will affect the lengths, especially that 
of the spike. Note that while the spike of an offset 
drooper is only slightly shorter than normal, the radials 
are much longer. The result is that the overall length 
of the spike plus a radial is nearly 10 percent longer 
than for a conventional drooper. This involves the 
integral coupling neutralization and impedance trans¬ 
formation process, and a rigorous explanation is not 
within the scope of this article. 

The offset drooper reference antenna just described 
was compared to four different conventional 2-meter 
droopers for antenna effect, 1.5:1 VSWR bandwidth, 
and field strength at zero elevation angle. One of the 
conventional droopers was constructed to dimensions 
specified in a magazine article. Two were dissimilar 
name brand units. None employed a detuning sleeve, 
cone, or extra set of radials. Measurements were taken 
near 144, 146, and 148 MHz with four feedline lengths 
differing by 1/8 wavelength. 

Tests were first run with the coax leaving the hub 
contained within a 3/4 inch O.D. mast for the first 5 
feet. The tests then were repeated with the hubs off¬ 
set from the top of the 5 foot upper mast section. With 
the hubs offset, the coax was brought down snugly 
against the outside of the mast for its entire length. 


Next, the hub was mounted concentrically atop a 
12-foot section of aluminum tubing strapped to a steel 
vent pipe, with the coax brought down inside the tub¬ 
ing. While these changes did cause the readings to 
change, the overall improvement exhibited by the off¬ 
set drooper did not change significantly. The coax 
employed was RG/8X-8M 0.25 inches OD, 52 ohm. 

test results 

A spurious RF current sniffer was improvised to 
quantify the amount of improvement exhibited by the 
offset drooper. The sniffer was provided with a plas¬ 
tic spacing fixture that allowed choice of two spac- 
ings in order to increase the useful range. It was 
checked for directional effect (by reversing it) and the 
directivity was found to be negligible. Relative calibra¬ 
tion in dB was accomplished by simply varying the 
measured power fed to a leaky dummy load which was 
space-coupled to the sniffer. 

The reduction in antenna effect when using the off¬ 
set drooper exceeded 11 dB for three of the compari¬ 
son antennas tested. The improvement obtained over 
the fourth regular drooper (the one with the longest 
radials) measured 10 dB. The greatest improvement 
was observed when the offset drooper was compared 
to the regular drooper having the shortest radials 
(about 5 percent shorter than the spike). The improve¬ 
ment figures reflect those obtained or exceeded with 
the worst case combination of frequency, line length, 
and mast and feedline configuration. 

This article is not intended to show the reader how 
to build something exactly like the author's, but 
instead to explain a simple method of improving the 
performance of the venerable drooping ground plane. 
Just make the spike a little shorter, the radials a lot 
longer and bend the radials up a bit. It is applicable 
to modification of existing antennas as well as to new 
construction. To approach the maximum possible 
improvement, all you need is a VSWR meter. Just 
make the radials 30 percent longer than the spike and 
droop them 28 degrees (or as close as you can). Opti¬ 
mum length for the spike is usually about 6 percent 
shorter than for a regular drooper that uses similar hub 
and element diameter. 

If this doesn't result in equal VSWR at the band 
edges, the spike is too long or too short. Once the 
radial length and droop are optimized, the center fre¬ 
quency can be fudged about 1 percent just by trim¬ 
ming the spike. 

The reader will notice that no VSWR numbers are 
given for an optimum offset drooper. The reason for 
this is that a conventional drooper with bad antenna 
effect can give specious VSWR readings, making any 
offset drooper comparisons meaningless. The decep¬ 
tive readings obtained with a standard drooper will 
change with coax and mast lengths, and the readings 
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can be considerably better (or worse) than the true 
antenna VSWR. To a lesser extent this applies also 
to a classic 90 degree ground plane. But with an 
optimized offset drooper, readings will change little 
with line and mast lengths (except as reduced by line 
attenuation), and can be relied upon. The true VSWR 
of a properly optimized 2-meter offset drooper will 
approach 1.0:1 over much of the band, and be found 
very low at the band edges. 

so why not? 

In closing, I hope the reader accepts the fact that 
while a bad case of antenna effect on a VHP drooper 
isn't necessarily disastrous, minimizing it certainly can't 
hurt. It's easy to do and all it can do is good — so 
why not? 
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reflector antennas: 
part 1 


The subject of reflector antennas 
in general and those of the parabolic 
dish type in particular generates lots of 
correspondence and requests for infor¬ 
mation. I never knew that any single 
VHF/UHF/ SHF antenna could be so 
much on everyone's mind — especially 
since so much material has already 
been written on the subject. Confusion 
seems to reign. 

Since it began, this column has con¬ 
centrated on providing solid ground¬ 
work in the lower frequencies; limits of 
time and space have not allowed dis¬ 
cussion of more narrowly-defined 
topics such as specific types of 
antennas. But with last month's 
column, we launched a discussion of 
the microwave bands 1 so this would 
seem to be an appropriate time to 
address the subject of reflector 
antennas since they're so often used 
at UHF and microwave frequencies. 

This discussion will be divided into 
two parts. Part I — this month's 
column — addresses the electrical 
aspects of reflector antenna design, 
including gain and specific parameters 
of the parabolic antenna. Part II — 
next month's column — will cover 
feed systems and the mechanical 
aspects of parabolic antenna design. 
With Parts I and II in hand, you should 
have all the required material and refer¬ 
ences necessary to design and build a 
first-class parabolic antenna. 


reflector antenna types 

Before discussing the parabolic dish, 
it should be interesting to review some 
of the more common types of reflec¬ 
tor antennas. They include, but are not 
limited to, the cylindrical parabola, 
parabolic dish, corner reflector, back¬ 
fire, spherical dish, and dual reflector 
types of antennas. 

The cylindrical parabola (fig. 1A), 
believed to be the first RF-type of 
reflector antenna, was used by Hein¬ 
rich Hertz in 1888! He illuminated a 
reflector with a spark-gap at about 66 
cm (445 MHz) in an attempt to prove 
the existence of electromagnetic 
waves, which had been theoretically 
predicted by James Clerk Maxwell. 2 
For best performance, the cylindrical 
parabola requires a line feed. (Thus 
was born the field of microwave 
optics.) An Amateur cylindrical parab¬ 
ola is described in reference 3. 

Reflector antennas were soon 
eclipsed by the search for DX on the 
HF (high frequency) bands by Marconi 
and others. Thus it wasn't until the 
1930s that serious work on reflector 
antennas got under way, primarily 
through the efforts of Grote Reber, ex 
W9GFZ, in his radioastronomy experi¬ 
ments. Reber used the parabolic dish 
type of antenna shown in fig. IB. 
Properly designed, it focuses all the 
energy at a common point, which 
greatly simplifies the feed system. 
Hence it is often referred to as a prime 
focus-fed antenna. 

The comer reflector, as depicted in 
fig. 1C, was invented by Dr. John 


Kraus, W8JK, in 1940. 4 However, it is 
limited to gains of up to about 15 to 
20 dBi and is quite large relative to the 
gain delivered. 

The backfire antenna was invented 
by Dr. Herman Ehrenspeck in 1958. 5 
He discovered that if a Yagi antenna 
were aimed into a special reflector sys¬ 
tem and the Yagi structure properly re¬ 
tuned, its gain could be increased by 
3 to 5 dB (fig. ID). However, the 
backfire antenna never gained popular¬ 
ity because it required a large reflec¬ 
tor with a special stepped surface. 

Later Dr. Ehrenspeck designed the 
short backfire antenna shown in fig. 
IE. 6 It's smaller and simpler, but its 
gain is lower (16 dBi is typical). How¬ 
ever, it has gained popularity with the 
military, especially for portable 
VHF/UHF satellite operation. 

At first glance, the spherical reflec¬ 
tor looks very much like a parabolic 
dish. But it has a different reflector 
profile and is very difficult to feed 
because the energy is not focused on 
a common point, as in the parabolic 
dish. Instead, the energy is present 
along a line, and a special phased line- 
source feed is required to properly 
phase the energy. 

Because of its shape, the spherical 
reflector beam can be partially aimed 
by simply moving the feed system. 
This allows the beam to be steered off 
boresight by up to several times the 
antenna beamwidth, with little or no 
performance degradation. Hence the 
spherical reflector antenna is often 
used in large structures where the 
reflector is stationary. 
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FEED SU0~ 


FEF LECTOR 

fig. 1. Some common types of reflector 
antennas. A) cylindrical parabola, B) 
parabolic reflector, C) corner reflector, 
O) long backfire, £1 short backfire, and 
F) dual-reflector. 


The largest and certainly most 
famous spherical reflector antenna is 
at Arecibo, Puerto Rico. Built in the 
crater of an extinct volcano, it meas¬ 
ures 1000 feet (305 meters) in 
diameter, has a stationary reflector, 
and uses a special "scalar" feed that 
can be steered. At 430 MHz, this feed 
is over 96 feet (28 meters) long! 2 

Other antenna systems use a secon¬ 
dary reflector that allows the feed sys¬ 
tem to be placed at a more convenient 
point in the structure (see fig. IF). 
Examples are the Gregorian, Cas¬ 
segrain, and Newtonian fed-reflector 
antennas. There are many other vari¬ 
ations of the antennas just 
described. 2 7 8 9 These variations are 
associated with the different feed sys¬ 
tem employed. 

The implementation of a secondary 
type of reflector is usually beyond the 
reach of the typical Amateur and 
beyond the scope of this column. The 
improvement obtained with such sys¬ 
tems is often at the expense of con¬ 
siderable complexity, which can often 


be offset by designing a slightly larger 
antenna right from the start — cer¬ 
tainly a typical Amateur approach! 

tradeoffs 

All types of reflector antenna sys¬ 
tems have their advantages and disad¬ 
vantages. The technical literature on 
reflector antennas could easily fill a 
good-sized room! (See references 2, 7, 
8, and 9 for starters.) But for the Ama¬ 
teur, the parabolic reflector antenna 
that uses a prime focus feed system as 
shown in fig. IB is one of the simplest 
antennas for obtaining high perfor¬ 
mance with relatively straightforward 
construction. 

Some of the main advantages of the 
parabolic dish include its use of a sin¬ 
gle feed; its ability to operate on other 
frequency bands by simply exchang¬ 
ing the feed system; its low noise 
pickup — i.e., its clean radiation pat¬ 
tern. It has reasonable gain for the size 
of the aperture employed. Its disad¬ 
vantages include large surface area, 
which leaves it vulnerable to damage 
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DIAMETER IN WAVELENGTHS 


fig. 3. Antenna beamwidth versus parabolic dish diameter in wavelength. 


table 1. Typical parabolic curve dimensions for a 20-foot (6.1 meter) diameter para- 

bolic dish with 

a 0.5 f/d ratio. 



distance from center of dish (Y) 


depth of dish (X) 

feet 

meters 

inches 

centimeters 

1 

0.305 

0.3 

0.76 

2 

0.61 

1.2 

3.05 

3 

0.915 

2.7 

6.86 

4 

1.22 

4.8 

12.19 

5 

1.52 

7.5 

19.05 

6 

1.83 

10.8 

27.43 

7 

2.13 

14.7 

37.34 

8 

2.44 

19.2 

48.77 

9 

2 47 

24.3 

61.72 

10 

3.05 

30.0 

76.2 


from wind or snow; comparatively 
large physical size (for gain) than a 
Yagi array offering equivalent gain; 
and the mechanics involved in design¬ 
ing the reflector and rotation system, 
especially if it's used on EME. Despite 
these shortcomings, the parabolic 
dish, with its single feed system, is a 
natural for the UHF and especially the 
Amateur microwave bands. 

gain and beamwidth 

Generally speaking, the efficiency of 
a well-designed parabolic dish is in the 
range of 50 to 60 percent (more on this 
later). Hence it will have an effective 
aperture or capture area that is some¬ 
what smaller than its physical area. 10 

Based on a 55-percent efficiency, a 
typical design standard, the gain of a 
well-constructed parabolic dish can be 
easily calculated using Eqn 1. 

G = 10 log (0.55 • 4vA/2] 

= 10 log (6.9A/2) m 

where G is gain in dBi and A is the area 
of the reflector. Both area and wave¬ 
length must be in the same unit of 
measure. 

For example, the area of a 20-foot 
(6.1 meter) diameter dish is about 314 
square feet (29.2 square meters). At 
432 MHz a wavelength is 2.277 feet 
(0.694 meters). Therefore, using Eqn 
1, the gain would be about 26.2 dBi. 

You may prefer to work directly in 
feet/meters and frequency. If so, the 
following formulas can be derived from 
Eqn 1. 

G= -52.4 + 20 log D + 20 log F (2) 

where gain is in dBi, D is dish diameter 
in feet and F is frequency in MHz or 

G = -42.1 + 20 log D + 20 log F (3) 

where G is in dBi, D is dish diameter 
in meters and /•’is in MHz. Eqns2and 
3 yield the same gains as Eqn 1 with¬ 
out having to first calculate the reflec¬ 
tor area. 

In order to make it easier to rapidly 
determine gain, I have prepared the 
graph in fig. 2, which includes practi¬ 
cal size reflectors and gains of 10 to 70 


dBi on most of the popular Amateur 
VHF/UHF bands. Note that in the 
example just described, the graph 
shows the gain to be about 26 dBi, 
very close to the calculated value! 

Finally, it has been pointed out 
before in this column that as the gain 
of an antenna increases, the beam- 
width decreases. 1 ’ For a parabolic 
antenna, the beamwidth can easily be 
determined to a reasonable accuracy 
(± 10 percent ) using the following 
formula: 


BW = 70\/D (4) 

where BW is in degrees and D is the 
reflector diameter. Both wavelength 
and diameter must be in the same unit 
of measure. 

For example, the antenna just 
described has a diameter of approxi¬ 
mately 20 feet (6.1 meters). One wave¬ 
length at 432 MHz is approximately 
2.28 feet (0.694 meters) and 0.76 feet 
(0.231 meters) at 1296 MHz. Hence its 
beamwidth would be approximately 8 
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degrees at 432 MHz and 2.66 degrees 
at 1296 MHz. 

Properly designed, the parabolic 
dish has a symmetrical beamwidth the 
same in both E and H planes. The 
graph in fig. 3 has been prepared to 
simplify beamwidth estimation. 

design parameters 

So how does one go about design¬ 
ing a parabolic dish? What tradeoffs 
are required? Where do you feed the 
dish? 

First you have to understand the 
geometry of a parabolic dish. You 
must have a reflector that follows a 
parabolic curve. This is described 
mathematically by Eqn 5 below: 

Y 2 = 4AX (5) 

where, referring to fig. 4, Y is the 
radius of the reflector, A is the focal 
length and X is the depth of the reflec¬ 
tor, all in the same unit of measure. 

If the diameter and focal point (as 
described below) are known, we can 
rearrange Eqn 5 to a more convenient 
form as shown below: 

X = Y 2 /4A (6) 

For instance, suppose that you want 


to design a 20-foot (6.1 meter) 
diameter parabolic dish with a focal 
length of 10 feet (3.05 meters). Using 
Eqn 6, the edge of the dish will be 2.5 
feet (65 cm) higher than the center of 
the dish. Likewise, a point halfway 
from the center will be 0.625 feet (19 
cm) above the center, and so forth. 
Table 1 shows a typical parabolic 
curve for this example. With all the 
personal computers available, there are 
many kinds of programs to simplify the 
computation of a parabolic curve. 
References 12 and 13 will help you 
select such a program. 

Finally, if the diameter and depth of 
the reflector are known, the focal point 
can be found by rearranging Eqn 5 as 
follows: 

A = Y 2 /4X (7) 

If you already have a dish, the focal 
point can easily be determined using 
Eqn 7. First measure the reflector 
diameter with a tape measure. The 
radius, or Y, is one-half the diameter. 
If a board or string is placed on the rim 
from one side of the reflector to the 
other, the depth, X, can be easily 
measured. For example, if we have a 
dish with a depth of 2.5 feet (0.762 
meters) and a radius of 10 feet (3.048 
meters), the focal point will be 10 feet 
(3.048 meters). 

Next we must determine the f/d or 
focal length to diameter ratio using the 
following equation: 

f/d = A/2Y (8) 

Using Eqn 8, the f/d ratio in the exam¬ 
ple above is 0.5 (10/20 feet or 3.05/6.1 
meters). We now have all the mathe¬ 
matical parameters necessary to talk 
intelligently about the design of a para¬ 
bolic dish type of antenna. 

parabolic dish 
characteristics 

So why are the diameter, depth, 
focal point, and f/d ratio so important? 
It should be intuitive that the diameter 
of the reflector is the principal factor 
that determines the gain of a parabolic 
antenna. The larger the diameter, the 
higher the potential gain, as shown on 
the graph on fig. 2. 



The reflector must follow a parabolic 
profile (see eqn. 5 ). This curve is cal¬ 
culated after the diameter and f/d ratio 
of the dish are selected. As dish 
diameter increases, greater care must 
be taken to maintain the shape of the 
reflector. 

The depth of the reflector is the 
parameter that determines the focal 
length: the deeper the dish, the shorter 
its focal length. In a "deep" dish, 
where the f/d ratio is approximately 
0.25, the focal point will be on a line 
parallel to the rim of the dish. The 
"flatter" the dish, the longer the focal 
length — and the more difficult it 
becomes to hold the feed system in 
place mechanically. 

The f/d ratio, however, is probably 
the most important parameter when 
designing a parabolic dish antenna 
from scratch. Let's see why. 

In order to use the parabolic dish 
reflector properly, the feed system 
must be placed at or near the focal 
point. Because this feed system 
"looks" into the dish from the focal 
point, it must illuminate the subtended 
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fig. 6. This graph shows the subtended angle (as seen from the feed point) versus the 
F/D ratio of a parabolic dish reflector. 


table 2. Gain and sidelobe levels versus illumination taper on a typical well-designed 
parabolic dish. 


illumination 

typical level of 

approximate overall 

in dB 

first sidelobe 

aperture efficiency 1%) 

-6 

- 20.0 

68.0 

- 10 

23 5 

81.0 

-15 

31.0 

77.5 

20 

46.0 

69.0 


angle between the rims of the dish 
with a properly tapered radiation pat¬ 
tern as shown in fig. 5. (More on this 
shortly.) 

If you have a deep dish with an f/d 
ratio between 0.25 and 0.4, this sub¬ 
tended angle will be quite large — from 
180 to 128 degrees, respectively. If a 
dish is relatively flat with an f/d ratio 
between 0.5 and 0.8, the subtended 
angle will be only 106 to 70 degrees, 
respectively. For convenience, various 
subtended angles versus f/d ratios 
have been plotted in fig. 6. 

Why is this angle so important? The 
reasons are many, and all are related 
to the f/d ratio. Let’s first look at some 
of the tradeoffs. 

There are advantages to a low f/d 
ratio (0.25 to 0.4). This type of dish has 
a short focal length and hence the sup¬ 
port of the feed system is easier from 
a mechanical standpoint. Generally 
speaking, the deep dish is quieter on 
reception. A 0.35 to 0.4 f/d ratio is 
very common in commercial dishes. 

There are also disadvantages to a 
low f/d ratio. The feed system has to 
see a wide angle as previously dis¬ 
cussed; this makes the feed system 
more difficult to design. The proximity 
of the feed to the reflector can cause 
the feed impedance to change when 
it's mounted at the focal point. From 
a mechanical point of view, the deeper 
the curve, the more difficult is is to 
fabricate the reflector. There's also 
greater likelihood that the polarity will 
become distorted. Usually the low f/d 
ratio dish demonstrates only moderate 
efficiency. 

A high f/d ratio (0.5 to 0.6) offers 
several advantages. Because its illumi¬ 
nation angle is narrower, the feed sys¬ 
tem is usually easier to design. The 
reflector has a flatter profile, making 
it easier to fabricate. Since the feed 
point is further from the reflector, it's 
less likely to be detuned by the reflec¬ 
tor. Overall reflector efficiency is 
generally higher than in a dish with a 
low f/d ratio. 

There are some disadvantages to a 
high f/d ratio. The feed system, for 
example, is much further from the 
reflector and hence more difficult to 


support. Even if the feed system is 
properly designed, there will be more 
spillover and hence more noise pickup 
than would be expected in a low f/d 
ratio dish. 

When designing a dish, therefore, 
the main considerations are the 
mechanical design and the feed sys¬ 
tem, which are both governed by the 
f/d ratio as discussed. From our point 
of view, as Amateurs, an f/d ratio of 
0.45-0.6 seems to be the best com¬ 
promise since the feed system and the 
surface of the reflector are easier to 
design. 

feed systems 

So far the feed system itself has 


been mentioned only in passing. Let's 
look more deeply into the way it has 
to perform. 

As I said earlier, the feed system 
must illuminate the subtended angle. 
Furthermore, a parabolic dish is sym¬ 
metrical in the horizontal as well as the 
vertical plane, so the feed system must 
also be symmetrical in both planes. 

Although actual feed systems will be 
discussed in next month's column, 
their requirements will be spelled out 
now. It would appear that the feed 
system should have a half-power 
beamwidth equal to the illumination 
angle as shown in fig. 6. However, if 
this were true, a considerable amount 
of the feed power would be lost 
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because of "spillover" (see fig. 5). 
Therefore the sidelobes would be high, 
and in the case of EME, considerable 
noise would be picked up off the rear 
of the dish, which is usually the warm 
earth at 290 degrees Kelvin. On the 
other hand, if the illuminator feed 
angle were too narrow, only the cen¬ 
ter of the reflector would be active and 
the efficiency of the antenna would 
decrease — but so would the side- 
lobes, etc. 

Silver 7 and others has discussed this 
relationship in detail. Most engineers 
agree that for best overall perfor¬ 
mance, the optimum feed system 
should have its 10 dB points right on 
the rim of the dish. This will yield a 
reasonably clean pattern and fair gain. 
The first side lobes will be approxi¬ 
mately 23 dB below the main beam. 
Some typical illumination tapers are 
shown in table 2. 

Over-illumination with less than 10 
dB feed system taper at the rim of the 
dish will cause spillover, lower gain, 
and sidelobes that will be less than 23 
dB below the main beam. Conversely, 
if the dish is under-illuminated and the 
taper at the rim of the dish is too great. 


the gain will decrease, as will the side 
lobes and the noise pickup. 

Another factor must be considered: 
the distance from the reflector to the 
feed point changes across the reflec¬ 
tor. So you can't assume that the feed 
must be optimum just because the 
feed system has a - 10 dB beamwidth 
equal to the subtended angle. Figure 
7 shows this amplitude taper as a func¬ 
tion of the angle as seen from the feed 
system. Hence this additional factor 
has to be taken into consideration 
when choosing the feed system and 
the f/d ratio. The lower the f/d ratio 
is, the greater the "space loss" taper 
at the edge of the dish will be. 

summary 

This concludes part 1 of our discus¬ 
sion on the subject of reflector 
antennas. This month's column has 
described the relationship between 
electrical and mechanical considera¬ 
tions in designing a reflector-type 
antennna and, more specifically, a 
parabolic dish antenna. 

It has also been shown that design 
tradeoffs are primarily linked to the f/d 
ratio chosen. Next month's column 


will deal more with the mechanical 
design of a reflector and the electrical 
design of its feed system. Once you 
have this material in hand, you should 
be able to design your own parabolic 
dish antenna and know that it w///work 
as planned! 
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important VHF/UHF events 

February 4: EME perigee 
March 1: EME perigee 
March 21: TE propagation optimum ± 2 
weeks 

March 28: EME perigee 


ham radio 


February 1986 Q9 59 













improving the audio 

on the ICOM IC-27 


Make an otherwise 
fine radio even better 

The ICOM IC-27 FM transceiver remains, in my 
opinion, one of the most compact and versatile mobile 
units available. The performance of my IC-27A was 
very impressive, with just one noticeable exception: 
the received audio was poor. Low volume and poor 
treble response made many noise-free signals all but 
unintelligible. Many other Amateurs have experienced 
this problem as well. Fortunately, there's a very sim¬ 
ple remedy. 

My first inclination was to experiment with an exter¬ 
nal speaker. The speaker included in the IC-27 is very 
small. Often such small speakers are inefficient and 
have poor response. Vet experimentation with a much 
larger speaker with a more powerful magnet showed 
absolutely no discernible difference. The only way one 
could hope to increase the volume would be by mount¬ 
ing an external speaker closer to the user's ear. This 
would alleviate only part of the problem, however, 
since the tonal response would remain virtually 
unchanged. The latter fact was an important clue, 
because it led me to believe that the audio amplifier 
inside the IC-27 was the culprit. 

strategy 

The solution to this problem is simple. Just change 
one resistor and one capacitor in the audio section. 
There's absolutely no reason to fear the operation; it's 
very simple. ICOM has provided excellent schematics 
with the radio, the board layout is not terribly com¬ 
pact in this area, and all cables running to the impor¬ 
tant circuit board are provided with well labeled pull- 
off connectors in an unambiguous configuration. 
Aside from forgetting to replace a connector, it's vir¬ 
tually impossible to connect anything incorrectly. 

As shown in the ICOM schematic, not reproduced 
here, Q5 and Q6 form an active filter which seems to 


effectively filter the intelligibility of many Amateurs' 
speech. Capacitor C67 was found to form the bottle¬ 
neck; a smaller value is required here. This greatly 
improves the treble response. 

The audio output power was increased by chang¬ 
ing the feedback resistor, R31, of the audio power 
amp, IC6 (on the ICOM schematic). It was discovered 
that a larger value would give greater gain while still 
not introducing objectionable distortion. 

modification procedure 

Begin the modification by turning the transceiver 
over (speaker side up), and removing the four screws 
holding the bottom cover. Carefully place the bottom 
cover to the side (as shown in fig. 1) sd as not to strain 
the speaker wires. The connector for the speaker wires 
can then be pulled at the circuit board. 

The objective is to remove the circuit board in order 
to gain access to the parts which must be changed. 
Carefully remove connectors J2, J6, J10, and J12. 
With your fingers, remove the cover plate of the syn¬ 
thesizer section (it's the large shiny box on the right- 
hand side). Remove the four screws in the corners of 
the large circuit board. Remove J1 (the entire circuit 
board at the rear of the unit). Remove the two heat 
sink screws on IC5 and IC6. Remove the hex spacer 
formerly under the rear circuit board. 

At this point, the entire circuit board can be lifted 
out. Carefully pull it out and locate the audio section 
toward the front on the left side, as viewed from the 
component side. Locate C67. This is a 0.01 capa¬ 
citor near IC6. Using a solder wick or a solder sucker, 
remove C67 and replace it with a tiny 0.001 /tF capa¬ 
citor. A small ceramic part will do nicely. Then locate 
R31. This is a 150-ohm, 1/8 watt resistor near J6. 
Replace this with a 270-ohm resistor. If possible, use 
a 1 /8 watt part so that it will fit easily in the circuit 
board. Clean your solder connections and carefully 
check for solder bridges. 

This completes the modifications. Replace the cir¬ 
cuit board and reverse the disassembly procedure, 
being careful to replace all removed connectors. 

By Edward Richley, KD8KZ, 41 High Point 
Circle, Naples, Florida 33940 
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fig. 1. The ICOM IC-27 is easily disassembled for modification. 

results 

After performing these modifications, I was much 
happier with the IC-27. Audio volume and clarity are 
much better than with the original unit, even with the 
original speaker. In fact, I seriously doubt the need for 
an external speaker. The internal speaker provides 
plenty of power,even in my very noisy automobile. I'm 
sure other Amateurs will agree that this modification 
makes an otherwise superb radio even better. 
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TECHNIQUES !&&•>' 


what others think of us 

When asked about the place of 

Amateur Radio in today's rapid tech¬ 
nological expansion, academician 
Vladimir Aleksandrovich Kotel'nikov, 
Vice President of the Academy of 
Sciences of the USSR and Director of 
the Institute of Radiotechnology and 
Electronics of the Academy of 
Sciences of the USSR, said (in part), 
"One of the needs of man is the need 
to create. Amateur Radio opens up 
broad possibilities in this connection 
for youths as well as for adults.... 

"Amateur Radio has been and 
remains a wonderful school for mass 
training of personnel for radio elec¬ 
tronics. Many young people entered 
radio electronics via Amateur Radio, 
judging by our experience.... 

"The main goal of Amateur creativ¬ 
ity has remained unchanged — to 
attract youth to active participation in 
the struggle for technical progress and 
to teach inventiveness, innovation, 
and improvements in technology. This 
is very important for our country." 1 
(And for ours, too — Ed.) 

quad falling apart? 

One of the problems with the multi¬ 
element quad antenna is keeping it in 
the air during the months of bad 
weather. The point at which the loop 
wire and support structure meet is an 
area of particular weakness in this 
design. If fiberglass or bamboo poles 
are used, the copper antenna wire will 
"saw" back and forth at this point 
under the movement of the element in 
the wind. This sawing motion often 
results in the breaking of either the 
support pole or the wire, and the 
whole antenna must be taken down 
for repairs. 



Figure 1 shows a novel approach to 
this problem. An insulating plate 
(made of fiberglass or formica, for 
example) is affixed to the quad arm 
with two U-bolts. The quad wire loop 
is then attached to holes drilled in the 
plate and the connection is made as 
shown in fig. 1. Since I don't have a 
quad up right now, I can't vouch for 
the idea, but it looks like a good one, 
and Amateurs planning to erect quads 
this spring may be interested in trying 
out this arrangement. 

the 160-meter antenna 
at DJ8WL 

DJ8WL, who just returned to Ger¬ 
many after three months in Salt Lake 
City sent me a sketch of the 160-meter 
antenna he's using in Germany. Those 
who've heard his signal can attest to 
the excellence of the antenna design 
(fig. 2), which he's used since fall, 
1984. 


His antenna is about 103 feet high 
(31.4 meters) and is center-loaded by 
a high-Q coil (LI). A second loading 
coil is placed at the 19.7 foot (6 meters) 
level (L2). 

Peter uses 50 radials, each 3/8-wave 
length (205 feet/62.42 meters) long. 
The feedpoint resistance was meas¬ 
ured to be 38 ohms. When only 16 
radials were used, the feedpoint resis¬ 
tance was 40 ohms. He estimates his 
ground resistance to be 9 ohms, so the 
antenna is about 63 percent efficient. 

Antenna response is quite broad, 
showing less than 1.5:1 SWR over the 
range of 1800 to 1900 kHz. Peter 
reports working 9J2JN and LU9EIE the 
first morning the antenna was on the 
airl 

Peter's antenna was mounted in a 
tall tree. The top section was made of 
a fiberglass rod with wire attached, 
and the lower sections are made of 
wire. Compared to an inverted-V slung 
from the same tree at the 80-foot 
(24.38 meter) elevation, the ground 
plane produced DX signal reports that 
were up between 1 to 2 S-units. 

DJ8WL's 160-meter DX record with 
this antenna — as of spring, 1985 — 
was 135 countries. 

aircraft enhancement of 
VHF/UHF signals 

Why does the 2-meter path between 
San Francisco and Los Angeles pop 
open every so often, usually in the 
evening, for just a few minutes? This 
interesting opening seems to be dupli¬ 
cated in other parts of the world, 
apparently on a hit-or-miss basis. 
Doug McArthur (VK3UM) and Ralph 
Kettle (VK1RK) noticed strange open¬ 
ings on their path, as well as similar 
openings to VK2ZAB. Path loss was 
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calculated to be - 245 dB. The use of 
medium power, 36-element arrays, 
and low noise receivers showed that 
the paths were open for more time 
than the calculations would indicate. 
The Melbourne-Canberra path, in par¬ 
ticular, had mountainous terrain along 
the route so direct (i.e., line-of-sight) 
communication was out of the ques¬ 
tion, except for occasional tropo¬ 
spheric enhancement. What was caus¬ 
ing the strange VHF propagation? 

The time of the opening seemed to 
be related to aircraft passing between 
the two stations. In particular, two 
commercial airliners flying from Syd¬ 
ney to Melbourne were midpath at the 
times of the enhanced propagation. 

Upon investigation, it seemed that 
the height of the flight path and dis¬ 
tance of the aircraft from the stations 
did not tally with the signals received. 
The signals were too strong and varied 
markedly with the weather. 

VK3UM and his colleagues in the 
investigation believe that the aircraft 
are the cause, but not the actual media 
of the enhanced propagation. 

Possible explanations were reflec¬ 


tions caused by the condensation trails 
("contrails") left by the aircraft flying 
at about 30,000 feet, or perhaps refrac¬ 
tion caused by the air turbulence wake 
(temperature effect or vortex turbu¬ 
lence). 

The size of the aircraft apparently 
influenced the enhancement, with the 
highest level obtained from 747s and 
DCIOs. But even aircraft as small as 
the Fokker F28 provided a good degee 
of path enhancement. Multiple air¬ 
craft, on the other hand, resulted in 
multipath effects, making copy 
difficult. 2 

some good news? 

It's reported in the technical litera¬ 
ture that the new AN/TPS-118 over- 
the-horizon radar under construction 
in Maine will soon be on the air. It will 
provide radar detection of planes at 
ranges from 500 to 1800 miles (804 to 
2897 km). The device uses a transmit¬ 
ting antenna more than 3600 feet long 
and radiates up to 100 Megawatts of 
power (effective radiated power) in the 
5 to 28 MHz frequency range. Two 
other sites are planned, one covering 
the Pacific Coast and one in the Mid¬ 
west to fill in the skip zones of the 
other two. That adds up to three of 
these giants grinding away in the con¬ 
tinental United States. Let's hope 
they're programmed to stay out of the 
ham bands! 

a zig-zag dipole antenna 

Most compact dipole antennas 
make use of some form of lumped 
loading such as an inductor placed in 
series with the antenna. A few years 
ago the "zig-zag dipole" was inves¬ 
tigated at Hosei University, Tokyo, 
Japan (fig. 3). 

One of the more interesting zig-zag 
dipoles developed and tested used a 
0.5 wavelength wire folded back so 
that the overall length was about 24 
percent less than a full-size dipole. The 
feedpoint resistance was 46 ohms. The 
included angle was about 130 degrees 
and each leg of the configuration was 
as indicated in fig. 3. 

No mention was made of band¬ 
width, but it seems to me that the 


AAAAaK/V 

^ INCLUDED ANGLES *130’ ^ 

fig. 3. Experimental zig-zag dipole 
antenna reduces length without use of 
loading coils. 


antenna configuration may provide 
improved bandwidth because it resem¬ 
bles a "fat" dipole. Some enterprising 
experimenter should try this antenna 
on the 80-meter band and see how it 
performs. 

an inexpensive 160-meter 
antenna that works 

No room for a quarter-wave vertical 
with 120 radials for 160-meter DX 
work? Too bad. Join me in crying the 
blues! About the best I can do is a 
random-length wire running from the 
house to my nearby antenna tower. I 
work it against the residence plumb¬ 
ing system as a ground. Recently I 
added two 8-foot (2.4 meters) ground 
rods, one at each end of the house, 
and tied them to the copper water pipe 
system. So far, so good. 

After I'd been working with various 
end-fed antenna systems for over six 
months, the back yard was littered 
with bits of copper wire. I finally ended 
up with a wire antenna that worked 
well, although not quite as well as the 
antennas the "big guns" were using. 
But if you share my problem of limited 
space and don't want to grow an 
antenna farm, this antenna is ideal for 
you. 

Basically, it's a wire about 155 feet 
(47.24 meters) long. This makes it 
longer than a quarter-wavelength at 
1.8 MHz (130 feet/39.62 meters). The 
feedpoint impedance of the longer 
wire is inductive and slightly higher 
than that of the quarter-wave wire. 
The inductive reactance is tuned out 
by a series-connected capacitor and 
the feedpoint resistance of the antenna 
(about 23 ohms) is transformed by a 
shunt inductor to 50 ohms (fig. 4). 

This design provides an inexpensive 
matching system to provide a 50 ohm 
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feedpoint, required by today's modern 
transceivers. The solid-state amplifiers 
are not very forgiving with respect to 
oddball antenna feedpoint impe¬ 
dances, and operation of the 160- 
meter band stretches the capability of 
the solid-state amplifier, even under 
the best conditions. 

But this antenna solves that 
problem. You can change the antenna 
length and compensate for it with the 
variable capacitor. As the antenna is 
shortened toward the quarter 
wavelength point, the capacitor value 
increases. As the antenna approaches 
three-quarter wave resonance, the 
value of the capacitor diminishes. A 
happy medium is reached when the 
antenna is about 0.275 wavelength 
long. If the inductor and capacitor are 
variable, the operator can scoot from 
one end of the band to the other in just 
a few seconds. 

Operational bandwidth of the 
antenna is quite good; an SWR of bet¬ 
ter than 1.5:1 can be maintained over 
50 kHz without touching the network 
controls. I tune up at 1825 kHz and am 
able to QSY up and down 25 kHz at 
the touch of the transceiver dial. 

How well does it work? Well, I'll let 
you know the results after the next 
160-meter DX contest! So far, it seems 
to be the best wire I've ever had on the 
"low band." 


building the tuner 

You can build the tuner on a metal 
chassis and panel, but it's not neces¬ 
sary (see photo A). My tuner is built 
on a plywood base with a micarta™ 
panel. The unit is 8 x 8 inches (25 x 25 
x 25 cm). I recommend using a vernier 
drive on the capacitor because the set¬ 
ting for lowest SWR is quite sharp. 
The setting of the shunt inductor, on 
the other hand, is less critical and the 
counter dial is a luxury. The 3 ampere 
RF thermocouple meter is very handy 
for tuneup, so if you can find one at 
a flea market, buy it and use it. I short 
mine out with a clip lead after tuneup 
to keep the meter from jumping 
around when I'm transmitting. 


the 80-40 meter antenna at 
CN2AQ 

Have you heard the strong signal of 
CN2AQ on 80 meters? He has an 


antenna that doubles as a telephone 
line! Look at fig. 5. The 328 foot (99.91 
meter) wire runs between two build¬ 
ings. RF chokes at each end of the 
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Photo A. W6SAI tuner is built on plywood 
base. 

wire isolate it for the telephone serv¬ 
ice, in which the return circuit is via 
ground. In order to prevent the trans¬ 
mitter from being activated when the 
telephone circuit is in use, a series- 
connected relay opens the control cir¬ 
cuit of the exciter. Now, that seems to 
be a very practical idea! 

what about your antenna? 

The sunspot cycle is at low ebb and 
interest is growing in the 160 and 
80-meter bands. I would be interested 
in hearing about your antenna for the 
low bands. Please send the informa¬ 
tion to me, care of ham radio maga¬ 
zine; the most interesting antennas will 
be discussed in this column. I hope to 
hear from you! 
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Portable radios can be a 


trade-off. In return for mobility 
you get loss of performance. 

Well now you can cut your 
losses significantly. All you 
need is the new Larsen UHF 


KuLDUCKJE® KD14-HW 


half-wave antenna? It’s a 


mouthful but it’ll do your ears 
a lot of good. 

Because it’s half-wave, the 


KD14-HW is fully resonant 
despite the poor ground 
plane portables are faced 
with. Under ideal ground 
plane conditions, it delivers 
performance equal to a full 


quarter-wave, 
powerful improvement over 


most portable antennas! 


1 


And because it is inherently 
resonant, the KD14-HW can 
also be easily remoled with a 
length of coax. 

The KD 14’s flexible, easy- 
to-gel-along-with radiating 
element measures a scant 12 
inches. At the base is a 3Kt 
inch impedance transformer 
that gives added strength. 

The KD14 half-wave series 
is also available in a collapsa¬ 
ble 2-meter version. 

Cut your losses and 
improve your gain when 
you operate with the new 
Larsen UHF KuLDUCKIE® 
KD 14-HW, with no-nonsense 
warranty. You can see it at 
your favorite amateur dealer. 

For units with BNC output. 


rsen Antennas 


The Amateur’s Professional " 

See your favorite amateur dealer or write for a free amateur catalog. 
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EME link calculator program 


Maximize your 
station’s performance 
with knowledge 
of tradeoffs 


In trying to set up an EME (moonbounce) station 
I found it difficult to make trade-offs in terms of 
antenna gain, coax line losses, preamplifier placement, 
and output power. What I needed was an easy way 
to weigh the different parameters against each other. 
Looking through a few books, I found what I was look¬ 
ing for in the ARRL Handbook, the RSGB VHF-UHF 
Manual and in an article by R. Lentz .' X3 

By taking pieces of information from all three 
sources, I was able to figure out how to vary all the 
station information in order to calculate the link budget 
signal-to-noise ratio. However, it became apparent 
that getting answers by punching buttons on my hand 
calculator would take a few nights. Also, I was mix¬ 
ing up the answers and station data so much that I 
couldn't figure out what answer belonged to what sta¬ 
tion data. Figuring that there had to be a better way, 

I looked for a computer program to do the job. Not 
finding one, I wrote the BASIC program included in 
this article (fig. 1). I used Microsoft BASIC for the IBM 
PC, so it should be able to run as is or with little modifi¬ 
cation on other PCs or compatibles. 

After the requested data is entered, the program 
provides signal-to-noise ratio (SNR), effective isotropic 
radiated power (EIRP), and the system noise temper¬ 
ature. Using these figures, you can change the input 
parameters and see how to best assemble your EME 
system. With the computer doing most of the work, 
it's easy to use real numbers, rather than using 
whatever is convenient, as I did with the calculator. 

Both the ARRL and the RSGB handbook examples 
placed the receive preamplifier at the antenna. They 
then set the line loss at a convenient zero dB. Since 
no-loss coax phasing lines don't exist, those example 
calculations don't really show you what is happening 
in an antenna array. On the other hand, the program 
shows that even a 0.5 dB phasing line loss will have 
a significant effect on the performance at 432 MHz. 
The computer program provides performance infor¬ 


mation about an EME station while allowing you to 
easily change all the station parameters. 

realistic data is needed 

The data requested by the program is generally 
familiar. The only data I had trouble figuring out was 
the sky temperature, which is the actual sky temper¬ 
ature the antenna sees. Don't confuse it with the array 
temperature, which is sometimes given in antenna arti¬ 
cles. Try about 10 to 35 degrees Kelvin for 432 MHz 
and around 175 to 200 degrees Kelvin for 144 MHz. 4 
(Use the lower numbers if your system is in the coun¬ 
try and the higher numbers if you live in or near an 
urban area). At low elevations the antenna will see the 
earth at 290 degrees Kelvin. This program assumes 
you're looking high enough with your antenna so that 
the antenna's main and side lobes clear the earth. After 
a little practice with the program, you can set the sky 
temperature higher; this will demonstrate earth effects 
on EME communications at moon rise or moon set. 

I left the bandwidth as a variable. Most of the time 
it should be set at 100 Hz, as the ear and mind can 
provide that much filter capability. You can set the 
bandwidth to 1800 Hz to see what kind of signal is 
required for EME SSB. 

The program doesn't provide absolute answers. You 
can't take an existing station, enter its data into the 
program, and come out exactly with the way the sys¬ 
tem works. The real world, after all, includes other fac¬ 
tors such as Faraday rotation, noise from you don't 
know where, and systems built not quite the way they 
should be. The real benefit of the program is to show 
the relative merit (or lack of merit) of different ways 
of putting together an EME station. For instance, 
what's the benefit of running 1.5 kW instead of 800 
Watts? How much better is a 0.3 dB noise figure 
preamp than a 0.6 dB preamp? Does it make any differ¬ 
ence if you use Belden 9913 for phasing lines instead 
of RG-213/U? Try it and see — you may be surprised. 

program structure 

The program is divided into six parts: constants, 
data input, calculations, screen output results, print 
results and program end. Lines 10 to 35 contain the 
program header and set up constant values. Lines 30 
and 35 provide a log to base 10 function as most 
BASICs have only a log to the base e function. Lines 

By David Engle, KE6ZE, 1063 Summerwood 
Court, San Jose, California 95132 
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10 

11 

12 

20 

25 

30 
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160 
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360 
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390 
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420 
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440 
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510 
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640 

650 

660 

670 
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700 

710 

720 

730 
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760 
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900 

910 


' Program to calculate signal to noise ratios for EME operations. 

' David Engle, KE6ZE September 1985 

» 

K = 1.38E-23 ' Boltzman's constant. 

TL=290.0 ' Temperature of receive feed line. 

LOG10E=.434294482 'is log to the base 10 of e. 

DEF FNLOG10(V)=LOG(V) * LOG10E ' Log to base 10 function 
' Get data to set up calculations. 

PRINT" EME Signal to Noise calculator program" : PRINT 

INPUT" ENTER FREQUENCY, MHz: ",FREQ 

INPUT" ENTER TX ANTENNA GAIN, dBi: ",GT 

INPUT" ENTER TX OUTPUT POWER, WATTS: ",P 

INPUT" ENTER TX LINE LOSS, dB: ",LT 

INPUT" ENTER RX ANTENNA GAIN, dBi: ",GR 

INPUT" ENTER RX LINE LOSS, dB: ",LL 

INPUT" ENTER RX NOISE FIGURE, dB: ",RN 

INPUT" ENTER RX BANDWIDTH, Hz: ",B 

INPUT" ENTER SKY TEMPERATURE, Deg K: ",SKY 

PRINT 

'Start calculations. 

'Transmitter power. 

PO = 10.0 * FNLOG10(P) 

'Receiver noise level. 

TR= ((10 . O'' (RN/10.0 ) ) -1.0 ) * 290.0 ’Noise figure to noise temp 
LR = 10.0 A (LL/10.0) ’ Noise figure (dB) to noise factor. 

TS = SKY + ((LR - 1)* TL) + (LR * TR) 

PN = 10.0 * FNLOG10(K*TS*B) 

'Path loss. 

PL = 8.72 * LOG (432/FREQ) - 261 
'Signal to noise. 

SNR = PO - LT + GT + PL + GR - PN 
BAND% = INT (FREQ) 

EIRP =INT (P*10~((GT-LT)/10.0)) 

'Display the results. 

PRINT"Transmit EIRP =";EIRP;"Watts,"; 

PRINT" System Noise Temp =";(INT (TS));"Degrees K." 

PRINT" Signal-to-noise ratio at:"," Perigee,","Mid.,","Apogee." 

PRINT" for ";BAND%;"MHz band is:", SNR, SNR-1, SNR-2 

PRINT 

'Print the results. 

OPEN "LPT1:" FOR OUTPUT AS #1 
PRINT#1, 

PRINT#1,"FREQUENCY =";FREQ;"MHz" 

PRINT#1,"TX ANTENNA GAIN =";GT;"dBi,"; 

PRINT#1," TX OUTPUT POWER =";P;"Watts,"; 

PRINT#1," TX LINE LOSS =";LT;"dB" 

PRINT#1,"RX ANTENNA GAIN =";GR;"dBi,"; 

PRINT#1," RX LINE LOSS =";LL;"dB" 

PRINT#1,"RX NOISE FIGURE =";RN;"dB,"; 

PRINT#1," RX BANDWIDTH =";B;"Hz" 

PRINT#1,"SKY TEMPERATURE =";SKY;"Deg K" 

PRINT#1, 

PRINT#1,"Transmit EIRP =";EIRP;"Watts,"; 

PRINT#1," System Noise Temp =";(INT (TS));"Degrees K." 

PRINT#1,"Signal-to-noise ratio at:"," Perigee,","Mid.,","Apogee." 
PRINT#1," for ";BAND%;"MHz band is:", SNR, SNR-1, SNR-2 
PRINT#1, 

CLOSE #1 

INPUT" Do you wish to continue? (Y/N) ",ANS$ 

IF ANS$="Y" OR ANS$="y" THEN 120 

fig. 1. EME station optimization program listing. 
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Frequency = 144 MHz 

TX Antenna Gain = 21 dBi, TX Output Power = 1500 Watts, 

TX Line Loss = 0.5 dB 

RX Antenna Gain = 21 dBi, RX Line Loss = 0.5 dB 
RX Noise Figure = 0.5 dB, RX Bandwidth = 100 Hz 
Sky Temperature = 170 Deg K 

Transmit EIRP = 168302 Watts, System Noise Temp = 245 

Degrees K. 

Signat-to-noise ratio at: Perigee, Mid , Apogee 

for 144 MHz band is: 6.548783 5.548783 4.548783 

fig. 2A. Typical data displayed in run of SNR program. 


PO = 31.760 
TR = 35.385 
LR = 1.122 
TS - 245.088 
PN = - 184.708 
PL = -251.420 
SNR = 6.548 

fig. 2B. Intermediate values generated for fig. t results. 


system's performance. These effects are easily noticed 
in the system noise figure. Fire it up and plug in your 
numbers. It may be easier to improve your system than 
you think! 

references 


100 to 210 inquire and retrieve the station data from 
the operator (you). Lines 300 to 440 do the calcula¬ 
tions and come up with the answers. Line 350, which 
converts the preamplifier gain in dB to noise temper¬ 
ature, is from the RSGB manual. Line 360 converts 
the receiver (preamplifier) line loss into a ratio. 3 Line 
400 provides the path loss. (The path loss is an approx¬ 
imation — a little high at 50 MHz, right on at 432 MHz, 
and a little low at 2304 MHz. All are within 1 dB.) Lines 
500 to 550 display the answers on your screen. Lines 
600 to 780 print both the input data and the answers 
on your line printer. If you have no printer, omit lines 
600 to 780. Line 610 sets the printer up. If your com¬ 
puter calls its printer something other than "LPT1," 
you'll have to change this line accordingly. Lines 900 
to 999 re-run or end the program. 

sample run checks program 

Figure 2A contains a set of data to run through the 
program after you get it entered in the computer. This 
can be used to check the accuracy of what you've 
typed in. If you don't get the answers listed to within 
0.1 dB, exit the program by answering "N" to the 
question, "Do you wish to continue?" You should still 
be running BASIC at this point, so you can look at 
the intermediate answers from the program. Simply 
type "PRINT PO," "PRINT PL," and those values will 
be printed on the screen. Any of the intermediate 
values used in the program (e.g., PO, TR, LR, TS, PN, 
PL, SNR) may be looked at in this manner. Figure 2B 
contains the set of intermediate values generated dur¬ 
ing the fig. 2A example. If your answers are different 
from these examples, then you have an error in one 
of the previous lines that works on that variable. 

I hope this program can help you demystify the 
optimization of your EME station. A couple of the 
more interesting things I noticed were the effects of 
phasing line loss and preamplifier noise figure on the 


1. Charles Hutchinson, K8CH, Editor, The ARRL 1985 Handbook for the Radio 
Amateur, American Radio Relay League, Newington, Connecticut, 62nd Edi¬ 
tion, Chapter 23, pages 11 and 12. 

2. D.S. Evans, G3RPE, and G.R. Jessop, G6JP, Editors, VHF-UHFManual, 
Radio Society of Great Britain, London, 3rd Edition, Chapter 9, pages 12 to 14. 

3. R. Lentz, DL3WR, "Noise in Receive Systems," VHF Communications, 
4/1975, pages 217 to 235. 

4. Steve Powlishen, K1FO, "Stacking Yagis Is A Science," ham radio, May, 
1985, pages 18 to 23. 
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FORECASTER 

earth stonehocKer, KORYW 


sunspots and MUFs 

Because we're nearing the 11-year 
sunspot number minimum, the Insti¬ 
tute for Telecommunication Science 
study comparing MUF distribution of 
values for low, medium, and high sun¬ 
spot numbers should be of interest. 
Table 1 (similar to last month's) lists 
the ratios of the 10- and 90-percentile 
monthly median MUF values. The data 
is separated into day and night groups 
over three solar activity ranges: low 
(68-88) sunspots in the years 1954-55; 
medium (90-115) in the years 1961-62; 
and high (200-285) in the years 1957-58 
at various control point latitudes. The 
upper decile values (90 percent) use 
the column head + % and the lower 
decile (10 percent) by - % in the table. 
A separate listing is provided for day¬ 
time and nighttime periods. 

Notice that greater deviations from 
median occur in the high (70 degree) 
and low (10 degree) latitudes in all sun¬ 
spot categories regardless of whether 
it's local daytime or nighttime. How¬ 
ever, the largest deviations occur dur¬ 
ing a high sunspot number year and at 
night. This increased MUF is from the 
solar flare particles arriving via the solar 
wind at the polar ionosphere down the 
open geomagnetic field lines from the 
sun (see the geomagnetic field draw¬ 
ing in "DX Forecaster,” June, 1985, 
page 102) on the day side of the earth. 
On the night side the particles come 
into the ionosphere from the stored 
particle areas (Van Allen belts) along 
the closed and tail geomagnetic field 
lines. 


The exception to the foregoing pat¬ 
tern is the 20-degree latitude night 
values at low and medium sunspot 
numbers. Here the geomagnetic vari¬ 
ations help the ions drift upward along 
the closed field lines until within 20 
degrees of the geomagnetic equator. 
This is a winter nighttime effect dur¬ 
ing medium to low sunspot numbers. 
Here again is evidence of trans- 
equatorial DX propagation; it is 
accompanied by an F-region trough 
(with low MUFs) just south of the 
auroral zone. The low MUFs in the 
trough are shown by the large - % 
numbers at 70 degrees latitude during 
the night. The increased geomagnetic 
variability during low to medium sun¬ 
spot numbers results from a stronger 
solar wind stream through a thinning 


solar corona while the sun is yet some¬ 
what active. This data, the MUF dis¬ 
tribution statistical trends of propaga¬ 
tion effects, can be used to understand 
and improve DX operating skills. 

last minute forecast 

The best DX conditions for the 
higher frequency bands are expected 
during the first and last weeks of 
February. The solar flux base level 
should increase about 5 units in Janu¬ 
ary and February. So look for some 
increase in MUFs in the midlatitudes 
as last month's table showed. Trans- 
equatorial propagation should be good 
and enhanced by some geomagnetic 
disturbances around the 10th and 24th 
of the month. The lower frequency 
bands are expected to be very good 


table 1. 

Variation in the ratio of monthly median MUF values. 

Latitude Sunspot Range 

- % Day 

+ % 

-% Night 

+ % 

70 

Low 

22 

23 

28 

29 


Medium 

24 

29 

23 

30 


High 

26 

29 

27 

30 

50 

Low 

19 

15 

21 

21 


Medium 

21 

17 

21 

21 


High 

22 

22 

21 

18 

30 

Low 

17 

17 

22 

26 


Medium 

19 

17 

24 

25 


High 

14 

17 

18 

18 

20 

Low 

21 

19 

26 

31 


Medium 

18 

19 

27 

34 


High 

12 

14 

21 

26 

10 

Low 

14 

18 

26 

27 


Medium 

15 

17 

25 

27 


High 

12 

15 

20 

25 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during “normal" hours. 
*Look at next higher band for possible openings. 

























































































































































































































































































































































































































































































































































































































Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 


The "Generation Gap" is filled with the "new" EXPEDITOR, the 
microprocessor based R.F. AnaDigit System. 


The EXPEDITOR power computer.. .you make the demands, it fills 



Ihe requirements. 

• Programmable forward AND reflected 
power ranges. 

• Can be used with the elements you 
now have. 

• Compatible with all Coaxial Dynamics 
line sizes and power ranges. 

• 18 scales from 100 mW to 50 kW. 
Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 


COAXIAL 


DYNAMICS, INC. 

15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 


Service and Dependability :. .A Part of Every Product 
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POPULAR PA 19 
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0,5 - 200 MHz bandwidth 
19 dB gain' 

50 U m/oulpul 

Increase sensitivity of receivers or 
counters 

Built, tested & ready-lo go 

ONLY S9.95 PPD 


NEW POCKET SIZED 
500 MHz Freq. Counter 


■ Compact design-pocket sized 

1 Measures frequency from I MH z to 500 
MHz to within I kHz 

Built-in telescoping 
antenna 

' Uses 1 standard 
9 volt battery 

All units pre-tested and 
calibrated lo .001% 

Professional and dependable perfor 
rnance at a low cosl 

^ 158 ONLY $49.95 PPD 


DIGITREX 

1005 BLOOMER 
ROCHESTER, Ml 48063 

WEST COAST DISTRIBUTOR 

R. LUKASZEWICZ 

20610 ALAMINOS DRIVE SAUGUS, CA 91350 
(805) 252-6021 
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throughout the month, but especially 
good around mid-month. 

No significant meteor showers 
occur during February. The full moon 
is on the 2nd and lunar perigee is on 
the 4th. 

band-by-band summary. 

Ten, twelve, fifteen, and twenty 
meters will be open from morning to 
early evening almost every day, and to 
most areas of the world. The openings 
on the higher of these bands will be 
shorter — to the southern hemisphere 
— and will occur closer to local noon. 
Transequatorial propagation on these 
bands will more likely occur toward 
evening during conditions of highest 
solar flux and a disturbed geomagnetic 
field. 

Thirty and forty meters will be use¬ 
ful almost 24 hours a day. Daytime 
conditions will resemble those on 20 
meters, except that skip distances and 
signal strength may decrease during 
midday on days that coincide with the 
higher solar flux values. Nighttime DX 
will be good except after days of high 
MUF conditions and during geomag¬ 
netic disturbances. Look for DX from 
unusual places on east, north, and 
west paths during daytime and south¬ 
ern paths at night. The usable distance 
is expected to be somewhat less than 
20 in daytime and greater than on 80 
at night. 

Eighty and one-sixty meters will 
exhibit short-skip propagation during 
daylight hours and lengthen for DX at 
dusk. These bands follow the darkness 
regions opening to the east just before 
your sunset, swinging more to the 
north-south near midnight and ending 
up in the Pacific areas during the hour 
or so before dawn on the path of your 
interest. The 160-meter band opens 
later and ends earlier than the 80-meter 
band. 
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quartz crystal resonators 


Learn how 
to specify crystals 
using frequency/temperature 

relationships 


This article provides tools for specifying, testing, and 
controlling the parameters of piezo-electric crystals. 
This data is designed to allow you to specify your 
requirements exactly to the crystal supplier. Also 
included are TI-55-II calculator programs showing 
examples that reduce the burden of calculations. 

The article is based on practical experience with 
thousands of crystals used in the communications 
industry. Because of the competitive nature of the 
business and the large quantities involved, crystals 
must be both low in cost and usable, in that they must 
be capable of being placed on the specified frequency 
and remain on frequency (within the limits specified) 
despite changes in both time and temperature. 

the crystal impedance meter 

When crystals are ordered from catalogs, problems 
frequently arise. Invariably the crystals quoted are to 
a military specification. There is nothing wrong with 
this as long as the circuit in which the crystal has to 
work matches it and provides the exact conditions spe¬ 
cified. In practice this is generally not the case, and 
as a result, crystals that arrive may be within the 
specifications when tested in the standard Crystal 
Impedance (Cl) meter, but may not meet your require¬ 
ments when used in the actual oscillator circuit. 

A quick look at some typical crystals listed in a ven¬ 
dor's catalog can give us some clues. We find among 
the specifications a variety of capacitances quoted. 
The values shown are frequently relics from the days 
of vacuum tubes and are used in the Cl meter, selec¬ 
table by a switch. This is all very convenient; the Cl 
meter, however, looks at the crystal and measures it 


as an impedance — hence its name, "crystal impe¬ 
dance" meter. It is therefore not operating under the 
conditions that an oscillator places on it. You will also 
note that some crystals are series resonant. In this 
case, there is no loading capacitor, because the crys¬ 
tal is being driven and is operating into a purely resis¬ 
tive load. These crystals are thus on frequency only 
if used under those conditions. 

As we go above 20 MHz, we get into the realm of 
overtone crystals. These crystals are, however, not an 
exact third or fifth or higher multiple of the fundamen¬ 
tal. If the use of multipliers is to be avoided, these 
crystals can serve a very useful purpose, but there are 
advantages and disadvantages that must be con¬ 
sidered. 

example using 10-MHz crystal 

We will now look at a typical requirement and con¬ 
sider a crystal that operates at 10 MHz in the parallel 
or antiresonant mode. (The series configuration is 
referred to as the resonant mode.) The crystal will 
therefore operate with a loading capacitance of 20 pF 
and in the fundamental mode. The crystal cut will typi¬ 
cally be AT-cut, operating temperature 78.8 degrees 
F (26 degrees C) and frequency tolerance +20 ppm 
(other specifications we will consider later.) After 
obtaining samples from three different vendors and 
measuring them in the Cl meter, we found each crys¬ 
tal to be at 10.000150 MHz, thus 15 ppm high. All crys¬ 
tals meet specifications, appear to be identical. How¬ 
ever, all are not identical because the compliance, Cg 
has values of 0.01, 0.02, and 0.04 pF, respectively. 
(C g , L, and R are inherent in the crystal.) Figure 1 
shows the electrical equivalent; this is the crystal with¬ 
out any electrodes attached. Inductance L is the elec¬ 
trical equivalent of the crystal mass. Capacitor Cg is 
the compliance and R is due to the losses by mechan¬ 
ical friction of the crystal. This electrical circuit is series 
resonant. Figure 2 shows the crystal with its deposited 
electrical contacts. This is achieved by placing a small 
spot of a conducting material, such as silver, on each 

By Peter Boddaert, 11 Blossom Road, Braintree, 
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table t. 


crystal 1 


c s (pFI 

C L (pF) 

C s /2C l (pFI 

F s (MHz) 

F p (MHz) 

AF (Hz) 

L (mHI 

0.01 

31 

0.0001613 

9.998243 

9.999855 

145 


0.01 

26 

0.0001923 

9.998243 

10.000166 

+ 166 

25 339 

0.01 

21 

0.0002381 

9.998243 

10 000624 

+ 624 


total pulling = 

769 Hz = 

±38.5 ppm 

crystal 2 




0.02 

31 

0.0003226 

9.996310 

9.999535 

466 


0.02 

26 

0.0003845 

9.996310 

10.000154 

154 

12.674 

0.02 

21 

0.000476 

9.996310 

10.001068 

1068 


total pulling = 

1533 Hz = 

± 76.665 ppm 

crystal 3 




0.04 

31 

0.0006452 

9.992487 

9.998934 

- 1068 


0.04 

26 

0.0007692 

9.992487 

10.000174 

+ 176 

6.342 

0.04 

21 

0.0009524 

9.992487 

10.002004 

+ 2,004 


total pulling figure = 2,004 + 1066 = 3070 Hz = 

± 153.5 ppm 






fig. 1. Crystal blank showing relationship of parameters 
inherent in the crystal: compliance, C s ; electrical equiva¬ 
lent of the crystal mass, L; and losses caused by mechan¬ 
ical friction of the crystal, R. 


side and making electrical connections to these. As 
a result a capacitor is now formed, which together with 
the holder C, appears in parallel with the series reso¬ 
nant circuit, producing a parallel or antiresonant cir¬ 
cuit. This capacitance is shown as Cp with a typical 
value of 6 pF. Cl is the load capacitance of 20 pF. The 
crystal thus sees the sum of Cp and C L = 26 pF as 
a total load capacitance. In a practical circuit Cl is 
usually made variable so that the oscillator can be 
adjusted to frequency. A trimmer capacitor typically 
provides a minimum variation from 15 to 25 pF. Thus 
the actual load capacitance can vary between 21 and 
31 pF. 

We will now calculate the pulling figure or pulling 
ability of each crystal using the above values of load¬ 
ing C for each of the three crystals. We will also cal¬ 
culate the series resonant frequency, Fs, and the 
value for L. (See table 1.) 


A convenient formula for parallel-resonant fre¬ 
quency is 

F P = F s [1 + (C S /2C L )J (1) 

We see that the pulling ability or the ability to place 
the oscillator on frequency, is greatly influenced by 
Cs- Failure to control its value can result in being un¬ 
able to place units on frequency without making modi¬ 
fications or, if the Cs is large such as in crystal 3, the 
pulling ability can become excessive. Such crystals are 
prone to frequency jump more so than those that have 
a smaller value of Cs. It must be remembered that all 
crystals have spurious responses not too far removed 
from the desired frequency. Such spurs can show up 
under certain conditions such as when a change in 
temperature occurs. A simple rule of thumb is: a crys¬ 
tal has a maximum pulling ability of 100 ppm. 

We find that crystal 2 meets our requirement of 
being able to set it to frequency with a sufficient 
amount of overlap at each end. Crystal 1 would also 
be suitable; however, at the low end, things are tight. 
Allowing for component variations in production, to¬ 
gether with the fact that the crystal frequency could 
be higher by another 50 Hz and still be within specifi¬ 
cations, it would be desirable to be able to reject those 
at the incoming inspection. A simple solution to this 
problem is to specify pulling ability rather than the 
loading capacitance. The crystal specification would 
include: 

• The frequency. 

• Pulling ability in the test circuit (minimum = ±35 
ppm, maximum = ±85 ppm). 

• Approximate loading capacitance (for reference 
only), 20 pF. 
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There is, therefore, no reference to frequency toler¬ 
ance because this is now taken care of by the pulling 
ability. In addition, the value of the loading capacitance 
is now used as a general guideline rather than an abso¬ 
lute value. 

Of course, the vendor must now be supplied with 
a test circuit. This will consist of the complete oscilla¬ 
tor plus all of its associated circuitry; an isolating stage, 
mixer, and such. It must be identical with the produc¬ 
tion units. Keep in mind that any test equipment such 
as a frequency counter connected to the circuit will 
have some influence on it, so the coupling must be 
as loose as possible to minimize these effects. Also 
be aware that any tuned circuits may have some effect 
on the frequency. Before shipping the test circuit to 
your supplier, check for the correlation between it and 
the in-house standard. There are bound to be some 
variations between them, and allowance must be 
made for this. 

the overtone crystal 

As mentioned, the overtone crystal operates on an 
odd harmonic of its resonant frequency such as third, 
fifth, seventh and higher. These crystals are more fre¬ 
quently employed in the series-resonant mode (al¬ 
though they can, of course, also operate in the parallel 
mode). C$ is extremely small. For example, in a fifth 
overtone crystal, C$ is on the order of 0.0005 pF at 
70 MFIz. Hence these crystals are much more difficult 
to pull on frequency by using a capacitor and conse¬ 
quently, are relatively unaffected by changes in the 
rest of the circuit because of temperature variations. 
With these crystals, however, a test circuit should be 
used and supplied to the vendor. 

drive level 

In general, crystal levels should be kept low. Some 
manufacturers specify a maximum level for AT-cut 
crystals operating in the fundamental mode, as 5 mil¬ 
liwatts. But whatever the maximum level quoted, it 
is better and safer to stay well below that value for 
a number of reasons: 

• Excessive drive levels can break the crystal. 

• The frequency stability is poor because of crystal 
heating, which causes excessive drifting. 

• The crystal is much more susceptible to jump fre¬ 
quency or to operate on one of the crystal spurs, or 
to deliver an output at two or more frequencies simul¬ 
taneously. These effects are most likely to show up 
with temperature variations. 

• Note that the drive level will have some effect on 
the frequency; generally, doubling drive level will cause 
2 ppm change. 



fig. 2. Crystal mounted in holder. C s ; is the loading 
capacitance. 


frequency-temperature characteristics 

The AT-cut crystal has been cut at an angle of 35 
degrees. Figure 3 shows the frequency/temperature/ 
angle-of-cut characteristics. Note that the turnover 
points are placed almost symmetrically on either side 
of the center point, 79 degrees F (26 degrees C). For 
example, with the cut at +20 minutes, the upper turn¬ 
over point (UTP) is at 223 degrees F (106 C) and the 
lower turnover point (LTP) is at 47 degrees F ( 44 

C). Thus at 144 degrees F (80 C) and 126 degrees 
F ( - 70 C), they are on either side of the center point. 

At times, then, one would specify these points - 
for example, if the crystal were to be placed in an oven 
that operates at, say 176 degrees F (80 degrees C). 
It would then be a good policy to have the crystal on 
frequency at the turnover point of 176 degrees F (80 
C), for at that point the rate of change is least, thus 
improving frequency stability. Bear in mind, however, 
that components that are not temperature controlled, 
but form a part of the frequency-determining network, 
will still have an influence on frequency stability; thus, 
if at all possible, they too should be inside the oven. 

Another frequently called specification states that 
the frequency must be within ± 10 ppm over the tem¬ 
perature range of 158 degrees F (70 C) to - 22 degrees 
F (- 30 C). Inspection of fig. 3 shows that the cut at 
+ 4 minutes can meet this, but only barely. There is 
no margin for error in the angle of cut or for external 
component changes or tolerances. As a consequence, 
in the test area, the rejection rate is likely to be high. 
Generally, oscillators of this nature incorporate some 
form of temperature correction circuit consisting of 
thermistors or varactor diodes. 

Unfortunately, these circuits invariably have to be 
adjusted during test, thus causing an added expense. 

using NTC capacitors 

Figure 4 shows a typical oscillator. Assuming the 
capacitances due to the transistor are small and can 
be ignored, we have a 20 pF loading capacitance made 
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table 2. Results. 



2.0 F 

25 F 

52 F 

temperature 

( - 19 C) 

(-4 Cl 

(11 C| 

F p (MHz) 

9.999804 

9.999879 

9.999954 

AF (ppm) 

19.550 

12.137 

■4.589 

C L IpF) 

21.755 

21.059 

20.385 


table 3. Corrected 

figures. 




-2.0 F 

25 F 

52 F 

temperature 

( 19 0 

( 4 0 

(11 Cl 

AF (ppm) 

-22.595 

-15.182 

-7.634 


79 F 

106 F 

133 F 

160 F 

(26 C) 

(41 C) 

(56 C) 

(71 C) 

10.000031 

10.000109 

10.000189 

10.000270 

3.045 

10.914 

18.866 

26.951 

19.732 

19.101 

18.490 

17.899 


79 F 

106 F 

133 F 

160 F 

(26 Cl 

(41 Cl 

(56 Cl 

(71 Cl 

0 

7.869 

15.821 

23.906 


up by the trimmer in series with the two 150-pF capaci¬ 
tors. Most mobile radio equipment is required to oper¬ 
ate over the temperature range of - 22 degrees F (- 30 
degrees C) to 158 degrees F (70 C). Thus with a total 
temperature change of 180 degrees F (100 C) the 
N2200 capacitors will change by: TC x change in 
degrees F x 5/10,000 x 9 equals percent. 
(TC x change in degrees C/10,000 = percent), 
where TC is the temperature coefficient. Thus 
2200x100/10,000 = 22 percent, so that the total 
value of the two 150-pF capacitors in series 
= 75 ± 11 percent. At -22 degrees F ( — 30 C) the 
capacitance is 83.25 pF; at 158 degrees F (70 C) it is 
66.75 pF. 

The trimmer, which has a value of 27 pF, will change 
by 7.5 percent over the temperature range, thus at 
- 22 degrees F ( - 30 C) it will be 28.01 pF and at 158 
degrees F (70 C) it will be 25.99 pF. The total C that 
the crystal thus works into at 158 F (70 C) is the series 
combination of 66.75 + 25.99 pF in parallel with a Cp 
of 6 pF, or a total of 18.71 + 6 = 24.71 pF. At -22 
degrees F (- 30 C) this becomes 20.96 + 6 pF = 26.96 
pF. 

If we use these capacitors in conjunction with crystal 
2, which has a C$ of 0.02 pF and F$ = 9.99631 MHz, 
we thus obtain Fp at 158 F (70 C) = Fs x 1.0004048 
= 10.000357 MHz, and at -22 F (- 30 C) = F s x 
1.0003709 = 10.000018 MHz. The total frequency 
change thus brought about = 339 Hz, a variation of 
33.9 ppm. With the help of fig. 3, we can now locate 
a crystal that has its turnover points at ± 17 ppm. The 
chart shows an 8 minutes cut to be close, with turn¬ 
over points at -11.2 degrees F and 168.8 degrees F 
( - 24 C and 76 C, respectively) and a frequency vari¬ 
ation of + and -20 ppm. The frequency changes due 
to the crystal would thus be reduced to approximately 
±3 ppm by the use of NTC capacitors, a very worth¬ 
while improvement obtained without any increase in 
cost or number of components. Of course, the exam¬ 
ple given here is not the only combination. Had we 


chosen crystal 3, with a Cs of 0.04 pF, we would have 
obtained twice as much pulling ability, and thus use 
capacitors with a smaller NTC. Using a 12 minute 
angle places the turnover points further out thus 
extending the usable temperature range of the oscil¬ 
lator. Do not, however, lose sight of the fact that any 
circuit variations brought about by temperature 
changes will have an effect on the frequency so that 
bypass capacitors, layout and component placement, 
and good engineering principles must be taken into 
account. 

long-term stability 

Some manufacturers publish figures for their crys¬ 
tals. In general the cold weld type holder will have bet¬ 
ter long-term stability. It is not easy to determine as 
it is a matter of time; however, to achieve the greatest 
stability the oscillator should operate continuously. It 
should also be subjected to a program of temperature 
cycles with the oscillator operating before setting it 
to frequency. How much aging can one expect? It is 
not unreasonable to look for a ±3 ppm/year figure, 
which in most applications is very acceptable. 

resistance and temperature 

The series resistance of the AT-cut crystal tends to 
go down in value as the frequency increases when 
operating in the fundamental mode. With overtone¬ 
mode crystals the reverse occurs. In the range of 5 
to 20 MHz, a maximum value of 50 ohms is reasona¬ 
ble. Overtone crystals tend to have series R values 
about 50 percent higher. The resistance tends to be 
temperature sensitive and can easily double in value 
at 158 F (70 C). In some cases this could lead to oscil¬ 
lator failure or to a considerable reduction in output 
power. Specifying the maximum R over the operating 
temperature range rather than at 79 F (26 C) can avoid 
any misunderstandings with the manufacturer over 
this matter. Keep in mind, however, that over-speci¬ 
fying costs money. The tighter the specifications, the 
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more expensive the product. Very low series R is also 
possible, which in some cases can lead to oscillator 
squegging. Placing a lower limit on the R value can 
avoid this problem. 

spurious responses 

As mentioned earlier, all crystals have a number of 
resonances at unwanted frequencies and in some 
instances located close to the desired frequency. In 
some situations this can present a problem, with the 
oscillator suddenly jumping to one of these. A con¬ 
sultation with the vendor on this matter and a thor¬ 
ough testing of the initial design for this potential trou¬ 
ble is most desirable. If necessary the spurious 
response characteristics of the crystal should be 
included in the specifications. Experience shows that 
these precautions can save a lot of headaches later on. 

vendor selection 

The vendor is most important; good rapport is 
essential. Make it clear at the onset that you will not 
accept units that fail to meet the specifications and 


that he owns all rejects no matter how large the quan¬ 
tity. Also let him know that you intend to conduct 
inspection tests for compliance to specifications. For 
small quantities, every unit will be tested; for large 
quantities testing will be conducted on a sampling 
basis. The sampling method plus the amount of rejects 
found in the sample size before rejection should be 
explained and agreed upon by all concerned, because 
this will be part of the purchase contract. 

Crystal manufacturers tend to specialize; conse¬ 
quently, the vendor who makes excellent low- 
frequency crystals may not produce the best high-fre¬ 
quency crystals. This can be especially true for over¬ 
tone crystals so make sure that you select a vendor 
who demonstrates both the ability and willingness to 
produce crystals that consistently meet all your 
requirements. It is a mistake to press a supplier to 
make something that he is not really comfortable or 
experienced with; sooner or later, things will go 
wrong, spoiling a good relationship. 

Today, computers and software that will determine 
the pulling ability of the crystals and print out a histo¬ 
gram of the results as well are easily available. A copy 
of this information sent to the supplier will enable him 
to make any slight modifications to his next produc¬ 
tion run if necessary. 

determining Fp, AF, Cl 

We have looked at quartz crystals in general and 
at some of the desirable parameters. I also proposed 
the use of NTC capacitors to compensate the fre¬ 
quency deviation of the crystal with temperature. I 
then showed that pulling ability is important, much 
more so than is generally realized. By placing a mini¬ 
mum/maximum limit on it, we get the Series C, a 
property of the crystal under manufacturing control, 
ensuring consistency of the product as well as the abil¬ 
ity to place the crystal on frequency in our circuit and 
to apply temperature compensation. 

In the previous example the minimum/maximum 
pulling ability was specified as ±35 ppm and ±85 
ppm. Statistically the mean is thus ±60 ppm. Inspec¬ 
tion of the formula for F P and the example crystals 1, 
2, and 3 shows that the pulling ability of the crystal 
is directly proportional to the value of Cg. 

Taking crystal 1 as an example with C s at 0.01 pF 
and pulling ability at ± 38.5 ppm, then C s for the aver¬ 
age crystal with ±60 ppm pulling ability = (60/38.5) 
x 0.01 = 0.016 pF. We can now also calculate Fg 
for this crystal using the formula for Fp and transpos¬ 
ing: Fg - F P /[1 ± Cg/2 CJ, which, with Fp = 10 
MHz and Cl - 26 pF = 9.996923 MHz. As this is the 
crystal we will be working with, and for easy reference, 
we place the parameters on one line: Fg = 9.996923 
MHz, Cg = 0.016 pF, F P = 10.000,000 MHz, C L ± 
C P = 26 pF. 
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table 4. Results. 



2.0 F 

25 F 

52 F 

79 F 

106F 

133 F 

160 F 

temperature 

< 19 Cl 

( 4 C) 

(11 C] 

(26 Cl 

(41 C) 

(56 C) 

(71 Cl 

crystal 8' (ppm) 

21 

18 

10 

0 

10 

- 17 

- 21 

corrected (ppm) 

22.595 

- 15.182 

- 7.634 

0 

7.869 

15.821 

23.906 

error (ppm) 

1.595 

2.818 

2.366 

0 

2.131 

1.179 

2.906 


table 5. Results. 

2.0 F 

25 F 

52 F 

79 F 

106 F 

133 F 

160 F 

temperature 

( 19 C) 

( 4 Cl 

(11 C) 

(26 Cl 

(41 Cl 

(56 Cl 

(71 Cl 

F P (MHzl 

9.999905 

9.999945 

9.999985 

10.000026 

10,000067 

10.000108 

10.000150 

AF (ppm) 

9.474 

5.485 

- 1.460 

2.604 

6.704 

10.842 

15.017 

C L (pF) 

20.817 

20.463 

20.115 

19.773 

19.437 

19.107 

18.782 


table 6. Corrected figures. 

2.0 F 

25 F 

52 F 

79 F 

106 F 

133 F 

160 F 

temperature 

( 19 Cl 

( 4 Cl 

(11 C) 

(26 Cl 

(41 C) 

(56 C) 

(71 C) 

AF (ppm) 

12.078 

- 8.089 

- 4.064 

0 

4.1 

8.238 

12.413 


Next, determine and tabulate the values of Cl, Fp, 
and the change of Fp (from that at 79 degrees F (26 Cl 
in frequency and ppm with temperature. Except for 
the frequency, it serves no practical purpose to tabu¬ 
late beyond three decimal points; similarly, there is little 
to be gained in making the temperature steps closer 
than 27 degrees. An operating range of 81 degrees F 
(45 C) above and below 79 degrees (26 C) is sufficient 
for most applications. 

capacitors with N2200 
temperature coefficients 

In the following example, Cl, C2, and C3 have an 
N2200 temperature coefficient. And since they are all 
in series (fig. 4A) it is a simple matter to calculate Cl 
at 79 degrees F (26 C). C L = 1/11/27 + 1/75) = 
1/(0.0370 + 0.0133) = 19.853 pF. Next, calculate the 
new value of Cl at a temperature 27 degrees F (15 C) 
below 79 degrees F (26 C). We can use either the for¬ 
mula above or use the calculator program shown in 
appendix A. As this calculation is very simple (there 
being no mixture of TCs) we will use the formula, thus: 
2200 x 15/10,000 = 3.3 percent. The new capacitive 
value is = 19.853 x 1.033 = 20.508 pF. That is, for 
every 27 F (15 C) degree decrease in temperature, the 
capacitance increases by 3.3 percent. Conversely, the 
capacitance decreases in value by 3.3 percent for every 
27 F (15 C) degree increase in temperature. Hence the 
multiplier is then 1 /1.033 = 0.968. It is this value that 
is used in the calculator program in appendix B as 
the capacitance multiplier. 

To use the program we enter in lines 02, 03, 04 the 
capacitance multiplier 968 plus the other values as 
shown (which belong to the crystal.) We then start 


calculations by entering into the calculator display the 
value of Cl at 15 degrees C below the lowest temper¬ 
ature of interest, thus in the example at -60 C (AT), 

( -29 F or -34 C) = 1.132 x 19.853 = 22.47 pF. 
Note that the value of Cl at 79 degrees F (26 Cl 
(19.853 pF) is not used in the program. 

We now have the calculated values of Fp in MHz 
at every 15-degree C interval as well as the change in 
Fp (AF) in ppm (table 2). We find at the 26-degree 
C point an error of 3.045 ppm. In practice, correction 
is by adjusting Cl to pull it on frequency. On paper, 
we do it by substracting 3.045 ppm from each figure 
(see table 3). 

Our next step is to look at the curves of figs. 3 and 
5. These are the frequency/temperature curves for AT- 
cut crystals. Note the dashed line which intersects the 
upper and lower turnover points with the various 
angles of cut. For our purpose, fig. 5 is more con¬ 
venient to use. Now project on this set of curves, at 
the - 2.2 F ( - 19 C) point, the - 22.595 ppm obtained 
from the corrected figures in table 3, but with a 
change of sign. Thus as a + quantity, it intersects the 
LTP just above the 8 minute cut and in the other direc¬ 
tion, at 160 F (72 C), it is close to intersecting the UTP 
of a 9 minute cut. 

A crystal with an LTP at - 2.2 F ( - 19 C) of 22 ppm 
would appear to be our best bet, (approximately an 
8 minute cut). Tabulating the figures for this crystal 
and subtracting the corrected figures from them, we 
obtain the results shown in table 4. 

We have thus improved the frequency/temperature 
performance of the system from a maximum variation 
of 42 ppm to one with a change of 5.037 ppm, about 
an 8:1 improvement. 
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table 7. Results. 

2.0 F 

25 F 

52 F 

79 F 

106 F 

133 F 

160 F 

temperature 

1 19 C) 

(-4 0 

(11 C) 

(26 C) 

(41 C) 

(56 C) 

(71 Cl 

crystal 5.5' (ppm) 

12 

11 

7 

0 

6.5 

- 11 

12 

corrected (ppm) 

12 078 

8 089 

-4 064 

0 

4.1 

8.238 

12.413 

error (ppm) 

0.078 

2 911 

+ 2.938 

0 

-2.400 

-2.762 

0.413 


N750 temperature coefficient material 

In the next example, the TC of Cl is changed to an 
N750 material. Because we are now employing two 
different TC materials in the capacitors forming Cl it 
is easier to make use of the program in appendix A. 
Calculate the value of Cl at 15 C and at - 60 C I - 29 
F ( - 34 C)l below 79 F (26 C). The rest of the calcula¬ 
tions are the same as for our first example. The value 
of Cl at 79 F (26 C) is of course, still 19.853 pF. Capa¬ 
citors C2 and C3, being identical and in series, are thus 
treated as one capacitor of 75 pF. 


temperature 

Cl (pF) 

C2,3 (pF) 

C L (pF) 


52° F (11 °C) 

= 27.304 

= 77.475 

= 20.189 


-29° F ( - 34°C) 
28 215 
84 900 
21 177 


The capacitance multiplier = 20.189/19.853 = 1.017 
and the value used in the calculator program is 
1/1.017 = 0.983. Start the calculations by entering 
into the display Cl at -29 F (-34 C) = 21.177 pF. 

We have now the calculated values of F P (in MHz) 
(see table 5) at every 15 C-degree interval, also the 
change in F P (AF) in ppm. We now correct for the 
shift at 79 F (26 C), by subtracting 2.604 from each 
reading see (table 6). 

Turning now to the curves (fig. 5) locate at -2.2 
F ( - 19 C) the + 12.078 ppm point. This is located just 
below the +6 minutes cut, which has its LTP at 7 F 
(-14 C) and at the 13.5 ppm point. Thus a crystal, 
having an angle of cut just a fraction below this would 
probably be our best bet, a cut having its LTP at: 14 
F ( - 10 C) degrees with + 12 ppm (approximately a 
5.5 minutes cut). Tabulating the figures for this crys¬ 
tal and subtracting the "corrected figures" from them, 
we obtain the results shown in table 7. We have thus 
improved the frequency/temperature performance 
from a 24 ppm change to 5.848 ppm, an improvement 
of 4:1. 


summary 

The improvement in frequency drift with tempera¬ 
ture is considerable and obviously desirable. Instead 
of specifying the angle of cut, specify either the LTP 
or the UTP (whichever is more important), giving both 
the temperature and the amount of change desired 
from the 79 F (26 C) degree point. Since these points 


are easily measured using standard test equipment, 
the manufacturer decides on the angle of cut. Crys¬ 
tals tend to show hysteresis, or inability to retrace 
reverse conditions, so temperature/frequency meas¬ 
urement should always be made from the same direc¬ 
tion in terms of temperature. 

To obtain the greatest frequency stability with tem¬ 
perature and time variations, and if power conserva¬ 
tion is of secondary importance, place the complete 
oscillator in a temperature controlled oven, specify the 
crystal frequency and the UTP at the oven tempera¬ 
ture, and allow both to operate continuously. 

Where power preservation is important, such as in 
portable equipment, use NTC capacitors to compen¬ 
sate the crystal and specify the upper and lower turn¬ 
over points. Place the capacitors close to the crystal 
so that they also "feel" the same temperature, keep¬ 
ing them clear from heat generating parts. 

Overtone crystals are frequently used in the reso 
nant mode. It is generally desirable to tune out Cp with 
an inductance to prevent oscillations at a frequency 
determined by this capacitance. Frequency adjustment 
by the addition of a small amount of inductance is 
possible. 


appendix A 
TI-55-II programming 

Calculates capacitance with change of temperature. Requires three 
data memories that contain the numerical values of C, the tempera¬ 
ture change or the temperature coefficient, and the number 
1,000,000. Displays the new capacitance value. 


step 

key 

line no. 

key code 

remarks 

1 

X 

00 

65 


2 

RCL 

01 

71 


3 

1 

02 

01 

memory 1, stores TC 
or temperature change 

4 

-r 

03 

55 


5 

RCL 

04 

71 


6 

2 

05 

02 

memory 2 . stores 1,000.000 

7 

a 

06 

95 


8 

X 

07 

65 


9 

RCL 

08 

71 


10 

0 

09 

00 


11 

- 

10 

95 

memory 0, stores the value of C 

12 


11 

75 


13 

RCL 

12 

71 


14 

0 

13 

00 


15 

= 

14 

95 

memory 0, stores the value of C 

16 

+ 

15 

94 


17 

RST 

16 

22 

displays the new value of C 
and resets the calculator 





to start 

18 

LRN 



takes the calculator out 


of the learning mode. 
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Now, key in the value of C(27) and STO in 0. Place TCI750) in 
STO 1 and 1,000,000 in STO 2. Clear display and press RST. Key 
into the display the temperature -50 C. press R/S. The display 
should show 28.0125, thus the capacitance increased with a reduc¬ 
tion of -50 C in temperature. 

Next place into the display 50, then R / S, and the display will show 
25.9875, thus a decrease in capacitance with increasing tempera¬ 
ture. Thus, by placing the TC of the capacitor into memory 1, and 
with the capacitor's value stored in memory 0, we can conveniently 
find the new value with any change of temperature. Interchanging 
TC with temperature, thus placing the temperature change in 
memory 1 and keying the TC into the display, will show the effect 
of changing TC on the capacitance value with various temperature 
coefficients. 

appendix B 
TI-55-II programming 

Calculates and displays each new value of Fp, AF from Fp at 26 C 
degree, and the new value of Cl (in pF). Note that F is shown in 
+ or - ppm. Requires three data memories. Memory 0 stores the 
new (decremented) value of Cl, memory 1 contains F$ in MHz (to 
six decimal places), and memory 2 contains the value of Fp at 26 


degrees C also to six 

decimal 

places. 




line 

key 



step 

key 

no 

code 

remarks 

example 

1 

X 

00 

65 



2 


01 

93 



3 


02 

* 


9 

4 

* 

03 

* 

enter: capacitive multiplier 

6 

5 

* 

04 

* 


8 

6 

- 

05 

95 



7 

STO 

06 

61 

memory 0 must be empty (0) 


8 

0 

07 

00 

at the start 


9 

+ 

08 

85 



10 

* 

09 

* 

value of C P (6 pF) 

6 

11 

a 

10 

95 



12 

X 

11 

65 



13 

2 

12 

02 



14 

- 

13 

95 



15 

+ 

14 

55 



16 

. 

15 

93 



17 

‘ 

16 

* 

value of C s (0.016 pF) 

0 

18 

* 

17 

* 


1 

19 

* 

18 

* 


6 

20 

x-V 

19 

52 



21 

4 

20 

85 



22 

1 

21 

01 



23 

'= 

22 

95 



24 

X 

23 

65 



25 

RCL 

24 

71 

enter F s in memory 1 

9.996923 

26 

1 

25 

01 



27 

- 

26 

9b 



28 

R/S 

27 

12 



29 


28 

75 



30 

RCL 

29 

71 

enter F P at 26 degrees C 

10 000000 

31 

2 

30 

02 

in memory 2 


32 


31 

95 



33 

4 

32 

55 



34 

RCL 

33 

71 



35 

2 

34 

02 



36 


35 

95 



37 

2nd Eng 

36 

47 



38 

R/S 

37 

12 



39 

RCL 

38 

71 



40 

0 

39 

00 




End of program. Automatically resets and displays the new value 
of Cl, which is now in memory 0. 

To start, press RST, enter Fg in memory 1 and Fp in memory 2. 
Check that memory 0 is 0. Enter into the display the value of Cl 
at -76 F ( - 60 C). Example 22,474. Press R/S. Displays Fp at 
2 F ( - 19 C) -- 9.999804. Press R/S, display 19.5507 06. This 
is the change in frequency from Fp at 26 C - - 19.550 ppm. Press 
R/S, display = 21.754832 00; thus 21.755 pF, which is Cl at - 2 
F (-19 C). Press R/S again. This repeats the calculations, using 
this time Cl at 2 F ( —19 C), calculates all the 25 F ( -4 C) 
parameters, and so on, saving a lot of repeating calculations. 
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appendix C 
TI-55-II programming 

To calculate Fp = Fg II + (Cs/2C L )1 requires four data memories 
that will contain the numerical values of Cg, Cl, Fg, and Fp at 26 
C degrees in this order. In the same order will be displayed the values 
of Cg/2CL, Fp and the difference between Fp and the Fp at 79 F 
(26 C), thus AF. Partition four memories and place the calculator 
in the learn mode. 




line 

key 


step 

key 

no. 

code 

remarks 

1 

RCL 

00 

71 


2 

0 

01 

00 

memory 0 stores C s 

3 

4 

02 

55 


4 

( 

03 

53 


5 

2 

04 

02 


6 

X 

05 

65 


7 

RCL 

06 

71 


8 

1 

07 

01 

memory 1 stores C L 

9 

> 

08 

54 


10 


09 

95 


11 

R/S 

10 

12 

displays value of Cs/2C L 

12 

f 

11 

85 


13 

1 

12 

01 


14 


13 

95 


15 

X 

14 

65 


16 

RCL 

15 

71 


17 

2 

16 

02 

memory 2 stores the value of F$ in MHz 

18 


17 

95 


19 

R/S 

18 

12 

displays the value of F P in MHz 

20 


19 

75 


2 7 

RCL 

20 

71 


22 

3 

21 

03 

memory 3 stores F p at 26 C degree point, 
(thus with a total C L at 26 pF). 

Example 10.000000 MHz) 

23 


22 

95 


24 

RST 

23 

22 

displays the difference between F P 
and the value contained in memory 3 

25 

LRN 



takes calculator out of learning mode. 


Key in the value of Cs (0.01) and STO in 0. Place C L (26) in STO 
1, F s in STO 2, and in STO 3. Place 10,000,000. Now press ON/C 
to clear the display. Check the contents of each memory for errors. 
If OK again clear the display and press R/S toruntheprogram. The 
firststopshouldbeCs/2CL = 0.0001923. Press R/S again, up comes 
F P = 10.000166 and finally the frequency difference at 0.0001667 
MHz. Press 2nd, Fix 6, which will fix the display to 6 decimal points. 

ham radio 


W6SAI BOOKS 

published by Bill Orr, W6SAI and Stu Cowan, W2LX 
BEAM ANTENNA HANDBOOK 

Completely revised and updated with the latest computer generated informa¬ 
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10, 18 and 24 
MHz WARC bands. Everything you need to know. 204 illustrations, 268 
pages 1 >1985 Revised 1st edition. 

I iRP-BA Softbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 

Primer on how-to-build simple low cost wire antennas. Includes invisible 
designs tor apartment dwellers. Full ol diagrams and schematics. 192 
pages. " 1972 2nd edition 

BP-WA Softbound $7.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 

Simple to build, lightweight, and high performance make the Quad at DX ers 
delight Everything from the single element to a multi-element monster. A 
wealth of information on construction, feeding, tuning and installing the 
quad antenna. 112 pages. '1982. 3rd edition 

BP-CQ Softbound $6.95 


THE RADIO AMATEUR ANTENNA HANDBOOK 

A wealth of projects that covers verticals, long wires, beams as well as 
plenty of other interesting designs. It includes an honest judgement of gain 
figures, how to site your antenna for the best performance, a look at the 
Yagi-Quad controversy, baluns, slopers, and delta loops. Practical antenna 
projects that work! 190 pages. <c; 1978. 1st edition. 

RP-AH Softbound $7.95 


Please enclose $3.50 for shipping and handling 
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BOOKSTORE 


GREENVILLE, NH 03048 




(603) 878-1441 
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products 


MFJ-815 cross-needle 
SWR/wattmeter 

MFJ's new cross needle SWR/wattmeter, the 
MFJ 815, enables hams to read SWR, forward, 
and reflected power at a single glance. No SWR 
setting is needed at any range. 

The average lorward and reflected power can 
be read in three ranges: 20/200/2000 watts for 
ward and 5/50/500 watts reflected. SWR can 
be read from 1:1 to 5:1 on a two color scale. This 
unit works from 1.8 to 30 MHz, and accuracy 



is i 10 percent lull scale. The MFJ 815 also fea¬ 
tures easy push button range selectors. 

The MFJ-815 sells for a retail price of $59.95 
each, and can be found at many of the MFJ 
dealerships nationwide. All MFJ products are 
backed by a one year unconditional warranty 
and an additional 30 day guarantee covering 
products purchased directly from the company 

For further information, contact MFJ Enter 
prises, Inc., P.0. Box 494, Mississippi State, 
Mississippi 39762. 

Circle 1302 on Reader Service Card. 

questions about satellite 
TV? 

free booklet has the 
answers 

Seventy eight of the most frequently asked 
questions about satellite TV are answered in a 
new 16 page. 6 by 9-inch booklet available free 
from Luxor. 

Arranged in an easy-to-follow question & an 
swer tannul,Everything You Need To Know 
About Home Satellite TV is divided into seven 
sections: "Getting Started," "The Channels," 

"The 'Birds,.Satellite TV Programming," 

"The Dish," "Satellite TV Receivers," and "Tun 
ing In." Diagrams such as shown in fig. 1 illus 
trate the basic operation of a home satellite TV 
system, the location of the Clarke satellite belt, 
and a typical satellite "footprint." 


HOW DOES A SATELLITE 
TV SYSTEM WORK? 

TV tpcui* atuf ? t;t »antrotted by a ttvdro to one or tiww 

Mitoire $ Thoc Mf<£c'n fcf T::c ttri i at s ai 22 ..JOO rrJUi *VC’.x ihrf 

Tt* et '.crr.twiZtrjam iue'~!n a ^«yMfcnx-.©u». that n. 
lh«i wmunSafiJ ctifiitiMMnshtr muK rfc* uu&n ttf-UAntrouh* 

H to ta.th vsticr# tfi*y tee :h * tiaK Dir drill rrZrsii cr f^ctti ifi*m -a a 

l~*t nnrut nrr.y’Jjn Piwn ->.« *rr.f •!£*;, ' \ 

60 iQ a dowiK onvxjifK, i e*v;% *>,« (: rq-.jrr.cy . \ 

si jr.ais vc *Ji«n s/.t-s -i t be tint by ■■■■ y 

pKtcriwt ihr iigrjsl* pwrr-Jit wrnrscr 

£frinfof24<h«w*:iDSfiHTsi:uiJb,'T.c ,</ f '_ • 

white the pi£>u« tl WCwrd e ‘ t 



fig. 1. Luxor's free 16-page booklet 
answers commonly-asked questions 
about home satellite TV, using text and 
illustrations such as this. 

Free copies are available from Luxor North 
America Corporation, 600 108th Avenue N.F... 
Bellevue. Washington 98004. 

Circle 1304 un Reader Service Card. 


tough tool kits 

A selection of best selling Held engineer's tool 
kits Irom Jensen Tools, Inc. is now available in 
rugged military style cases. Designed to endure 
rough handling and harsh industrial or military 
environments, these cases are molded of high 
density polyethylene and are 20 lo 25 pet cent 
thicker than conventional cases, and can with 
stand temperature extremes ranging from 200 
F to i 185 F. 



Unique features include a permanent olive 
drab (FFD STD 595) finish: heavy duty tongue 
and groove aluminum valance with gasket to seal 
out dirt and moisture; combination lock and pad 
lock loops for added security; spring loaded han¬ 
dles, low profile, quarter turn latches; and 
molded in stacking lugs to provide strength and 
secure slacking during storage. 

These cases are offered with the Jensen 
JTK 17. JTK-87 or JTK 99 tool and pallet selec 
tions. or they can be bought separately without 
tools. 

For more information or a Iree catalog, con 
tact Jensen Tools Inc.. 7815 South 46th Street. 
Phoenix, Arizona 85044. 

Circle /305 on Reader Service Card. 


RF 

TRANSISTORS 


FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 



2 30 MHz 12V r 

28V) 


PIN 

Rating 

Bach Match Pt j 

MRF406 

20 W 

$14.50 

S32.00 

MRF412./A 

BOW 

18.00 

45.00 

MRF421 

100W 

25.00 

56.00 

MRF421C 

110W 

— 

60.00 

MRF422* 

150W 

36.00 

82.00 

MRF426./A 

25W 

16.00 

42 00 

MRF428* * 

150W 

55.00 

125.00 

MRF433 

12.5W 

12.00 

30.00 

MRF435* 

150W 

42.00 

90.00 

MRF449./A 

30W 

12.50 

30.00 

MRF450./A 

50 W 

14.00 

31.00 

MRF453./A 

60W 

15.00 

35.00 

MRF454./A 

BOW 

16.00 

36.00 

MRF455./A 

BOW 

12.00 

28.00 

MRF458 

BOW 

20.00 

46.00 

MRF480 

BOW 

18.00 

42.00 

MRF464* 

80W 

25.00 

60.00 

MRF468* 

40W 

18.75 

46.00 

MRF475 

12W 

3,00 

9.00 

MRF476 

3W 

2.75 

6.00 

MRF477 

40W 

11.00 

25.00 

MRF479 

15W 

10.00 

23.00 

MRF485* 

15W 

6.00 

15.00 

MRF492 

90W 

16.00 

40.00 

SRF2072 

75W 

15.00 

33.00 

SRF3662 

now 

26.00 

60.00 

SRF3775 

75W 

15.50 

34.00 

SRF3795 

85W 

16.50 

37.00 

CD2545 

50W 

23.00 

52.00 

SD1076 

70W 

17.00 

40.00 

S01451 

50W 

15.00 

36.00 

Selected High Gam Matched Quads Available 


VHF/UHF TRANSISTORS 



Rating MHz 

Net Ea Match Pt 

MRF212 

10W 136-174 

$16.00 

_ 

MRF221 

15W 136174 

10.00 

_ 

MRF222 

25W 136174 

14.00 

_ 

MRF224 

40W 136-174 

13.50 

32.00 

MRF231 

3.5W 66 88 

10.00 

_ 

MRF234 

25W 66-88 

15.00 

39.00 

MRF237 

4W 136-174 

3.00 

— 

MRF238 

30 W 136-174 

12.00 

_ 

MRF239 

30 W 136-174 

15.00 

_ 

MRF240 

40W 136-174 

18.00 

_ 

MRF245 

80W 136-174 

28.00 

65.00 

MRF247 

75W 136-174 

27.00 

63.00 

MRF250 

50W 27-174 

20.00 

46.00 

MRF280 

5W 136-174 

7.00 

_ 

MRF261 

10W 136-174 

9.00 

— 

MRF262 

15W 136-174 

9.00 

_ 

MRF264 

30W 136-174 

13.00 

— 

MRF607 

1.75W 136-174 

3.00 

— 

MRF641 

15W 407-512 

22.00 

— 

MRF644 

25W 407-512 

24.00 

54.00 

MRF646 

40W 407-512 

26.50 

59.00 

MRF648 

60W 407-512 

33.00 

69.00 

2N3866* 

1W 30-200 

1.25 

_ 

2N4427 

1W 136-174 

1.25 

— 

2N5591 

25W 136-174 

13.50 

34.00 

2N5642* 

20W 30-200 

13.75 

34.50 

2N5945 

4W 407-512 

10.00 

_ 

2N5946 

10W 407-512 

12.00 

_ 

2N8080 

4W 138-174 

6.25 

_ 

2N6081 

15W 136-174 

7.50 

_ 

2N6082 

25 W 136-174 

6.90 

_ 

2N6083 

30W 136-174 

9.30 

24.00 

2N6064 

40 W 136-174 

11.75 

28.50 


TMOS FET 



MRF134- 

5W 2-200 

$10.50 

— 

MRF137* 

30W 2-200 

22.50 

— 

MRFl 36 * # 

30W 9.5-150 

35.00 

— 

MRF150** 

150W 1.5-150 

60.00 

— 

MRF172* 

60 2-200 

65.00 

— 

Selected, matched finals for Kenwood, 

Yaesu, 

(com. Atlas, etc. Technical assistance and cross I 


QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D./VISA/MC 

INFORMATION AN0 CALIF, ORDERS: (619) 7444)726 
OUTSIDE CALIF. ORDER DESK: 800664-1927 


Ui 


RF PARTS 

f 320* 16 Grand Avc,, San Marcos 
California 92069 [619) 744-0728 
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CW manual 

This manual (with tapel from Gordon West 
is a complete guide to assist you in passing the 
5, 13' and 20 WPM code exams. This is not a 
Morse Code training or speed building kit. but 
rather a program of successfully applied exer 
eises to help you understand and deal with prob¬ 
lem areas. 

How to Read What You Writ! addresses many 
topics including why students do not pass the 
code exams; how to avoid the common 
errors; setting goals in code practice: reading the 
material and finding answers once you've copied 
the code; dealing with code opposites and let¬ 
ters and numbers that are easily confused; word 
and sentence techniques; overcoming plateaus, 
and what to do when test day finally arrives. 

How To Read What You Writ! is available 
directly from Loraine McCarthy. Code Programs 
Manager, Gordon West's Radio School, 315 Vi 
Ruby, Balboa Island, California 92662. The price 
is $14.95. All orders are shipped by first class mail 
the same day. (Arid $2.00 postage and handling.) 
Circle #301 on Reader Service Card. 


Heathkit catalog 

Several new products are featured in Heath's 
new catalog. Included are four new Amateur 
Radio products: an antenna noise bridge lor pin¬ 
pointing the cause of mismatches in antenna sys 
terns; a VLF Converter for receiving the 10 to 
500 kHz band between 3.5 MHz and 4.0 MHz 
on a receiver; an active SWL Antenna for receiv 
ing signals between 30 kHz and 30 MHz; and a 
new louchtone decoder lor eliminating extrane 
ous monitor racket. 

Six new test instruments have also been 
added: a new radiation monitor, llie RM 4, is a 
handheld device lor measuring radiation in the 
alpha, beta, gamma, and X ray spectrum*. The 
new PMK 130 RS 232 hand-held Breakout Box, 
designed for troubleshooting computer interface 
problems, allows access to all 25 communica¬ 
tion lines. The Heath Digital LC Bridge, model 
IT 2240 Dual Trace Oscilloscope provides a wide 
DC to 25 MHz bandwidth. 

More than 400 products are available. For a 
Irce copy contact Heath Company, Dept. 
150-597, St. Joseph, Ml. (In Canada, contact 
Heath Company, 1020 Islington Avenue. Dept 
3100, Toronto, Ontario, M8Z3. 

Circle #303 an Render Service Card. 
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# WORLD WIDE AMATEUR RADIO SINCE 1950 
Your one source for all Radio Equipment! 


gKfmSAVS- W£ ARE WOW OPEN 7 OATS A WEEK 

Saturday & Sunday 10 to 5 P.M. 

Mondny Ffidny 9 to 6 30 PM Thuis in 8 PM 
Come to Barry's lor the bosl buys in town 


For the best buys in lown call; 
212-925-7000 
Los Precios Mas Bajos en 
Nueva York 



a icom 

H7IA. 751, 745, 27MW. 37A. 47A H 7000. 
127A, 271 AIM. 320GA, 47IAJH.735 



AEA 144 MHz ' 
AEA 220 MHz 
AEA 440 MHZ 
ANTENNAS 


0IHU 

pWallmclcis J k' 
Elements 
lit Stock 


MIRAGE AMPLIFIERS 
ASTRON POWER SUPPLIES 

Sri * ion Wire & CiltjiM 


New 1EN-TEC ’ ‘ 

2591HT. Corsair II. Argosy II, Century 22 


MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. NY 10012. j 


Nam# York largest STOCKING mam Dealer 

non runt v-t.y ■ COMPLETE REPAIR LAB ON PREMISES 


**Aqu| Sa Habia Eipanol" 

BARRY IN * EHNA ? iONAL 1£L£X 12-76/0 
MERCHANDISE TAKEN ON CONSIGNMENT 
FOR TOP PRICES 


AU rMQfi(2E0 ptSTS M C KAY i)YMt,K FOR 
SHORI WAV i A N T f ; NN A $ A RE CEIV E MS 

mm.I X 'Spring St Station 
Subway*. OMT PrmcoSl Slafion" 

I NO F • T.alr.Hwy Station 
Bus Brondwny »(> lo Spring Si 
fUlh-Mlh 5t «it, A»* Sutton 



We Slock AEA. A Ilf II Alpha Amoco Antenna SpectalutU. Altahc. 
Astton. B It K, 0 4 W, 0ds.lt. Bencher, Bi»ti Butternut, COE. CE5. Collins 
Cotnmuniciiliom Spec ConmtchM*. Cove«i:r«lt. Cuulrtmtl. 

Ooivva Oentron, Diglma*. Drake, ETO (Alpha I, Elmac, Encowuti. Hell 
Sound. M«uy. Hit siller (Nowifomcsl My Gain, (com. KLM, Kiiniromc*. 
Lai son, MQM (OalwA), UFJ. IW Milter. Mini Products, Milage 
Nowtranics. Nye Vikitig, Pakxtutt. RF Products. Radio Amatnui Callback. 
Robot, Rockwell CoWnt. Sa»toe, Shut it, Tele*. Tempo. Ten Tec. 
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TWO NEW ONES FROM ARCSOFT 


QUICK-N-EASY ELECTRONICS PROJECTS 

by Bob Green 

Here's a neat book lo help 
while away a tainy after¬ 
noon Contains 40 quick 
and easy lo build projects 
T‘‘ - _ using commonly lound 
: • " electronic components. 
Learn-by-tlning formal is a 
ggy ! boon to beginners while 
advanced builders will en¬ 
joy the range ol projects 
included Projects include 
CP0. high VSWR alarm, 
three battery charger, body 
bug and sun spotter lo 
name just a lew Also includes list ol mail order and 
local parts supplier suggestions 1st edition 1985 
96 pages 

AS-QN Softbound $7.95 



EASY-T0-BUILD ELECTRONICS PROJECTS 


by Bob Green 

40 more electronics projects 
to work on 1 Complete plans 
and schematics anti easy-to- 
locatc parts means that you 
can usually complete these 
protects in an evening Pro 
tects include Ad silencer. 
Mugger bugger, radio-tester, 
fuse telltale plus 36 more 
More practice lor the begin¬ 
ner and more Inn lor the ad¬ 
vanced builder 1st edition 
1985 96 pages 
AS-ET 


a&r 


\J±'" 

Softbound $7.95 


Pfea$e tsncfd$e S3.50 Id cover sfilpplftfl and handling 

Fatlio _ BOOKSTORE 
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RATES Noncommercial ads 10<t per word; 
commercial ads 60<t per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only Repeat insertions of hamfest ads 
pay the non-commercial rale. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


SCHEMATIC: Radio receivers I920's/60's Send brand name, 
model No.. SASE Scaramella. PO Box 1. Woonsocket. Rl 
028950001 

TEMPO S5T mint, with case, ducks. 5/8 gam antenna, 
charger, S30 amplifier, all manuals $225 or best offer Dennis, 
KA1BVQ. (203) 243-9458 or 528-9756 

THE GOOO SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays 1900Z also 3.880 Tuesdays 
at 2359Z. Net control N5BDN, Clarksville, IN 

OLD RADIO transcription discs wanted. Any si/e. speed 
W7FIZ, Box 724 HR, Redmond, WA 98073-0724 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10 00. Beginners RTTY Handbook $8.00. PO Box RY. Cardiff. 
CA 92007, 

IBM-PC RTTY/CW. CompRtty II is the complete RTTY/CW pro 
gram for the I8M-PC and compatibles. Virtually any speed 
ASCII, BAUDOT, CW. Text entry via built-in editor! 10,000 
character transmit /receive buffers. Adjustable split screen dis 
play. Instant mode/speed change. Hardcopy, diskcopy, break 
in buffer, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MAPS and traffic handling 
Requires 128k PC, XT, AT, PCjr. PC-DOS, serial pod, RS-232C 
TU $65 Send call letters (including MARS) with order. Men 
tion Ham Radio Magazine and take $10 off. Oavid A Rice. 
KC2HO, 7373 Jessica Drive, North Syracuse, NY 13212. 

UHF PARTS. We stock GaAs Pets, Trimmers, and many ol 
those impossible to find parts for the UHF builder. For exam 
pie: MGF 1202 at $10.00, Finger Stock at $7.50 per 16” strip 
SASE brings list, Microwave Components, 11216 Cape Cod. 
Taylor, Ml 48180. 

IMRA, International Mission Radio Association helps mission 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40countries. Brother Frey. 
1 Pryer Manor Road, Larchmont, New York 10538 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Postfach 2454 
0-7B50 Loerrach 
West Germany 

Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 416 
B-9218 Gent 
Belgium 

Ham Radio Holland 
Postbus 413 
NL 7800 Ar Emmen 
Holland 

Ham Radio Europe 
6 o* 2084 

S-194 0? Upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis. Ave des Clanons 
F-89000 Auxerre 
France 

Ham Radio Germany 
Karin Ueber 
PosHach 2454 
D-7850 Loerfach 
West Germany 


Canada 

Send orders fo 

Ham Radio Maga/me 

GteerwtVte. NH 0304B wSA 

Prices in Canadian funds 

1 yr J29 95 ? yrs *53 30 

3 yrs $75 40 


Ham Radio Italy 
Via Mamago 15 
1-20134 Milano 
Italy 


Ham Radio Switzerland 
Kann Ueber 
Postfach 2454 
0-7850 Loetrach 
Wesi Germany 


Ham Radio England 
c/o R S G B 
Alma House 
C ran borne Road 
Potters Bar 
Herts EN6 3JW 
E ngland 


RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G L Pierce, 5521 Birkdetle Way, San Diirgo. CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available Large stock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 09224. (213) 774 1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties. Inc Dept 301, 4202 N Drake 
Chicago. IL 60618 

RESISTORS any value quantity. 1 4 wart @ $ 01. 1 2 watt 
(6) $.015 |$1.00 minimum). Quantity discounts, 1,000 t Send 
wattage(s), value(s), quantity(s), and remittance to 
I.O.R.C.C.C. Electronit s, box 47148, Chii ago Illinois 60647. 
1312) 342 9171. 

ELECTRON TUBES Radio & TV types 76% off list price huge 
inventory 1 Also industrial types. Send for Free Catalog today 
or call Toll Free (8001 221 5802 Box HC Translereronics, (nc, 
1366 39th Street. Brooklyn. NY 11218 

NEW PACKET RADIO PROGRAM for IBM PC's. A telecom 
program for interfacing your PC with your packet controller. Spe 
oral functions for GLB's 6 page scrolling screen with cursor con 
trol. I wo types Binary File Transfers. 300 9600 bps. Keyboard 
Macros. 50 page manual Split screens. Windows! Much more 
NON COPY PROTECTED $49 95 * $3.00 shipping and handling. 
Kalt ft Associates, Suite#138, 2440 E Tudor Rd . Anchorage. 
AK 99507. (907) 248 0133 Write for more info 

RECONDITIONED TEST EQUIPMENT $1 25 for catalog 
Walter. 2697 Nickel. San Pablo, CA 9480b 

PRINTED CIRCUIT BOARDS and kits to. GST articles Call 
oi write for information. AftA Engineering, 7970 Orchid Drive, 
Buena Park, CA 90620. (714 ) 521 4160. 

R-390A RECEIVER. 6-30 MHz all modes. 4 mechanical filters, 
meters sealed (Government removed, operation unaffected): 
complete/checked $195, complete repairable 
$115, spare parts unit (80% complete) $65 CPRC 26 Manpack 
Radio (described in March 1985 Ham Radio), transcetvcs 46 54 
MHz FM, with battery box. antenna, crystal, handset $22.50 
apiece, $42.50/pair. Info SASE. CPRC 26 arid $4/unit shipping. 
R 390A shipping charges collect. Baytronics, Dept. HR, Box 591, 
Sandusky. OH 44870 (419 ) 627 0460 evenings 

CIRCUIT BOARDS Guaranteed lowest quotes and Free twelve 
hour prototypes. Single and double sided Iroards Small through 
large production quantities Mail specifications. Hobbyists any 
schematic 6” x 9” maximum, etched on a 3” x 4” board $1 50 
(larger boards $2.50). Send remittance and schematic or art 
work or, print your own circuit hoards. Kits of all sizes Guaran 
teed lowest prices. Basic kit $2.75. Materials for two 3” x 4” 
)>oards (included) or SASE for catalog. T O R C C C. Elec 
tronics. Box 47148, Chicago, minors 60647 (312) 342 9171 

PACKET/ASCII/BAUDOT/CW for IBM PC. SASE to Emile 
Alltne, 773 Rosa. Metairie. LA 70005. 

PRINTED CIRCUIT BOARDS TORCCC Electronics will print 
any schematic, 6''x9” maximum, on a circuit board for $1.50 
(larger schematics add $1.25 pet additional 50 square inches). 
Send check and schematic to TORCCC Electronics. 2161 North 
California, Chicago, Illinois 60647 

WANTED NC400 receiver. Any condition W2PUA. 112 Tilford 
Road, Somerdafe, NJ 07083. (609 ) 783 4175 

DRAKE! DRAKE! DRAKE! Complete station with late model 
TR7A/DR7 transceiver and R7A receiver speech processor, 
speaker, power supply, fans, cross connect cables, manual. 
Asking $1550. Guaranteed excellent condition or I pay for repair 
Gary Jordan, WA6TKT, 1012 Olmo Court. San Jose. CA 95129 
(408) 257 2222 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US Jerrold, Hamlin, Zenith Many others. 
Lowest dealer prices! Orders shipped within 24 hours' Complete 
illustrated catalog. $2.00. Pacific Cable Co Inc., 7325-1/2 
Reseda Blvd,#1009. Reseda, CA 91335 (818) 716 5914. 

WANTED: NEED URGENTLY schematic operations manual for 
Honeywell 6869 VLF Receiver. H. Weber, 2605 W. 82nd Place, 
Chicago, IL 60652. 

CHASSIS and cabinet kits SASE K3IWK 

IC-25A FOR SALE: $225 or best offer. Good condition, used 
only as a mobile radio Call Craig (603)878 1441.9 5EST. M F 
only. 

DIGITAL AUTOMATIC DISPLAYS. All transceivers. Six 1/2” 
digits. 5” wide by 1-1/4" by 9” cabinet! Send $1.00 for infor¬ 
mation. Be specific. Grand Systems. POB 2171, Blaine. 
Washington 98230. 

CBlo 10M CONVERSIONS. FM kits, frequency modification 
hardware, books, plans, high performance CB accessories. Free 
catalog. CBCI, Box 31500HR, Phoenix AZ 85046. (602) 
996 8700. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy. FREE information. C & D Electionics. PO Box 1402, 
Dept HR. Hope. AR 71801 

RIW-19 432 MHz beams by K3IPW SASE for information. 

HP606B SIGNAL GENERATOR. 50 kHz 65 MHz Excellent 
condition, with manual. $290 VE3EAA, Box 2980. Stn. D, 
Ottawa, Ontario KIP 5W9. 

FOR SALE: Bearcat 160, 16 channel, 5 hand programmable 
scanner with memory backup. Needs 1C $109 00 (812) 
342 6740. 

TEST EQUIPMENT: Lab calibrated signal generators: HP8640B 
500 kHz thru 1024 MHz, AM/FM, with options 002, 003, and 
323 portable field carrying case $6,500.00, Marconi, TF 1066B/6, 
10 MHz thru 470 MHz AM/FM, $550.00, HP 606A 50 kHz thru 


65 MHz $375.00, military TS 510A 10 MHz thru 420 MHz 
$295.00. military URM 25D. 10 kHz thru 50 MHz $245.00 
URM 26B, 4 MHz thru 405 MHz $245.00 HP/Boonton 202H 
54 MHz thru 216 MHz AM/FM $275 00, HP 614A, 900 to 2100 
MHz $345.00, HP 608E 10 MHz thru 480 MHz $495.00. HP 628A 
15 GHz thru 21 GHz $650.00. Frequency counter HP 5245L with 
HP 5253B plug-in, range 0 500 MHz $375.00. We accept Visa, 
M/C. check Satisfaction guaranteed. Phono Bill Slep, (704) 
524 7519 Slep Electronics, Highway 441, Otto. NC 28763 

RESISTORS any value quantity, 14 watt (& $ 01. 12 watt 
(a) $ 015 ($1 00 minimum). Quantity discounts. 1,000 • . Send 
wattago(s). value(s), qu»ntity(s), and remittance. T O R C C.C. 
Electronics. Box 47148. Chicago. Illinois 60647 ( 312 ) 342 9171 

COLLECTION of 40 Antique Radios and 22 Ham and drum 
Speakers Many other items and parts all working Blair Daley, 
KA800H. Elsie. Ml 48831 (5171 862 5228 

COMING EVENTS 

Activities — “Places to go . . 

CALIFORNIA: FCC exams. Novice Extra. Sunnyvale VEC ARC 
(408) 255 9000 24 hour 73. Gordon, W6NLG, VEC 

PENNSYLVANIA: The Mercer County Amateur Radio Club 
invites Amateurs to socralize and exchange views at its "How 
To” seminar, March 22, 9 AM to 4.30 PM, Hermitage Middle 
School opposite Shonango Valley Mall, Rt 18, Hermitage. 
License exams. Novice through Extra, will be given Examinees 
and those undei 18 years admitted free. For others admission 
is $2 00 Call in on 147.75/ 15 For details SASE to MCARC. 
Box 996. Sharon. PA 16146 

MASSACHUSETTS: The Mt Tom Amateur Repeater Associ 
ation is having its annual Flea Market, March 2, Knights of 
Columbus Elder Council 69 on Granby Road, Chicopee Doors 
open 8 AM to 3 PM Food available Reserved tables $7.00 At 
the door $8.00 Entrance fee $1.00 Ladies and children under 
12 tree. For reservations MTARA. PO Box 3494, Spnnylield, 
MA 01101 

MINNESOTA: The Rolibmsdale Amateur Radio Club's 5th 
annual Midwrnter Madness Hobby Electronics Show. February 
22, Totino Grace High School. 1350 Gardena Avenue NE, Frid 
ley. MN (suburb of Minneapolis!. Admission $3.00 advance; 
$4 00 at the door 8' flea market tables $8.00. 1/2 tables $4 00. 
Dealers, flea market, computers, satellite TV, packet radio Talk 
in on 147 60, jOO K0LTC repeater and 146.52 simplex . To regis 
ter send SASE with fees to Robbinsdale ARC, PO Box 22613, 
Robbmsdale. MN 55422 or call Bob (612) 533 7354. FCC exam 
registration send completed Form 610, potocopies of current 
license and code credit plus $4.00 payable to ARRL/VEC to: 
Neil McMillin, 11132 97th Place, Maple Grove. MN 55369 by 
January 22, 1986 Limited walk-ins. 

KENTUCKY: Annual Glasgow Swapfest, Saturday, February 
22, 8 AM JilGiasgow Flea Market Building, 2 miles south of Glas 
gow off Highway 31E Free parking. Free coffee and a friendly 
gathering of hams. Admission $2. No extra charge for exhibi 
tors One free table per exhibitor. Extra tables $3.00 each. Talk 
in r)n 146 34/94 For information: N4HC0, Rt4, Box 354. Glas 
gow, KY 42141 

MASSACHUSETTS: The Norwood ARC will hold its annual 
Flea Market, Saturday, February 22, Norwood Junior High 
School South. Washington Street Dealer tables $10 00 Setup 
8 AM. General admission $2.00. Open 9 AM. Plenty of free park 
mg and facilities for the handicapped. For information or table 
reservations: Stan Cottrell. WA1NCV (617) 762 5184. Talk in on 
146.520 and 146.895. 

ILLINOIS: The Sterling Rock Falls Amateur Radio Society's 26th 
annual Hamfest, March 9, Sterling High School Fieldhouse, 1608 
Fourth Avenue, Sterling Distributors, dealers, large flea mar 
ket and demonstration ol Packet Radio. Free parking and space 
for self contained RV’s. Ooors open 7:30 AM. Tickets $3.00 
advance; $4.00 at the door. Commercial tables $5.00. Others 
$3 00. For tickets, tables or information; Sue Peters, KA0GMR., 
PO Box 521. Sterling, 1161081. (815)625 9262 Talk in W9MEP 
146.25/85. 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the MIT Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday, February 19, 1986, 7 PM, MIT 
Room 1 134, 77 Mass Ave, Cambridge, MA Reservations 
requested 2 days in advance Contact Ron Hoffmann (617) 
253 5820/646-1641 or Craige Rodgers at 225 6616. Exam fee 
$4 00 Bring copy of current license, 2 forms of picture ;ID and 
completed form 610 (available from FCC in Boston. 223 6609 

VIRGINIA: The Vienna Wireless Society will hold its 13th annual 
Winterfest, February 23, 8 AM, Vienna Community Center, 120 
Cherry St , Vienna. Exhibits and demonstrations of new and used 
Amateur Radio equipment Tailgating in the "Frostbite” park 
ing lot. Refreshments available. For information: John Arnold, 
N4IXD, Chairman. 255 2076. 


Operating Events — “Things to do . . .” 

North Carolina OSO Party sponsored by the Alamance ARC, 
K4EG, 1400Z February 1 to 0500Z February 2 CW and phone. 
Work stations once per band/mode. Mobiles as they change 
county. Exchange RS(T) and ARRL section. Mail logs by 3/1/86 
to North Carolina OSO Party, c/o K4EG, PO Box 3064, Burling 
ton, NC 27215. 


CHARGE 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 
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millimeter waves 

Part I: the move to 
higher frequencies 

For most Amateurs, the notion of 
moving to higher frequency bands 
means operating at or above 144 MHz. 
\ few brave pioneers work in the 
microwave region — and have pre- 
;ious few contacts to show for it. We 
;ould be tempted to forget that for 
more than 40 years, there has been an 
avalanche of effort devoted to the 
development of microwave hardware 
and systems. 

For the purposes of this discussion, 
'microwaves" will mean the region 
above 2 GHz — that is, up to about 
30 GHz. This is the domain where 
lumped circuits fail to have physical 
mplementation and where waveguide 
replaces coax in many low-loss or 
high-power applications. While military 
uses were the principal motivator for 
aarly work, commercial applications 
are now the driving force in the region 
from 2 to 18 GHz. 

Band crowding is already a major 
issue in the microwave region. By the 
mid-1960s, the military had found use 
for nearly everything up to about 20 
GHz. Then came the demands for 
commercial satellite uses, followed by 
the expansion of terrestrial links to take 
advantage of all the information the 
satellites were sending. By the early 


1980s, interference was an issue in 
some frequency bands. The result has 
been a critical examination of the tech¬ 
nologies needed to make higher fre¬ 
quencies available for both commercial 
and military applications. 

These higher frequencies are known 
as mm waves — and, for convenience, 
are generally defined as the wave¬ 
lengths from 10 mm to 1 mm (30 to 300 
GHz). One of the obvious advantages 
of this new domain is the amount of 
spectrum space available: 270 GHz. 

Among the advantages that mm 
systems offer are broad bandwidths 
(good for high speed data links), 
higher spatial resolution, less interfer¬ 
ence due to narrow antenna beams, 
and, at the high end of the range (near 
300GHz), a favorable alternative to 
optical (infra-red) technologies. 

Much work has already been done 
in this region, but the advent of com¬ 
puter modeling techniques is advanc¬ 
ing the rate at which progress can be 
made. A major limitation on the use of 
mm waves has been the lack of appro¬ 
priate devices, hardware, and test 
equipment. Within the past two years, 
however, there have been significant 
developments in each of these areas. 

The generation and detection of mm 
waves requires the use of components 
and techniques that are unfamiliar to 
most Amateurs. Semiconductor 
devices are the only sources of RF 
power at frequencies above 30 GHz. 
In general, these devices take the form 
of negative resistance oscillators and 


depend on the characteristics of spe¬ 
cial diodes. The more common of 
these diodes are GUNN diodes, named 
for the discoverer of transferred elec¬ 
tron devices; IMPATTs (/mpact /oni- 
zation Avalanche Transit Time); and 
TRAPATTs (Trapped Plasma Ava¬ 
lanche Triggered Transit). 

Each of these devices has charac¬ 
teristics that make it best for certain 
applications. The tradeoffs are 
between frequency (of operation), 
power output, and noise. IMPATT 
dioides have been fabricated that can 
produce 1 watt at about 70 GHz. 

Transistors will soon be available for 
the mm region. GaAs FETs are already 
being made as small signal amplifiers 
above 30 GHz, and it shouldn't be too 
long before HEMT (High Electron 
Mobility) and MESFET (Metal on 
Oxide) devices are available to 100 GHz 
or so. Power transistors for this region 
are still a few years off — but only a 
few. Other necessary components are 
being developed quite aggressively, as 
is test equipment. Hewlett Packard has 
just announced its first line of mm 
wave spectrum/network analyzers. 
Special materials and design tech¬ 
niques will be needed to take best 
advantage of the promise held by mm 
waves. Work is underway in each of 
these areas, and the results will not be 
more than four to five years away. 

ham radio 


Next month: Part II — Where Do We 
Go From Here? 
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an increasingly important design tool 

Years back the typical approach to filter design was to decide on the required characteristics, 
choose the best topography, or type, consult charts (e.g. the ITT Handbook), evaluate formulas, 
and — voila! — the circuit evolved. 

Perhaps after this procedure was applied it met one's specific goals in terms of passband, stop- 
band, ripple, and VSWR responses, in addition to input and output matching. At best, however, 
even at this paper design stage, it involved an iterative process whose speed of convergence to the 
required performance parameters greatly depended on the accuracy of the educated guesses made 
by the filter designer. A designer with good hands-on RF experience was often successful, but neverthe¬ 
less needed time to determine if the design was truly optimum. 

The fun would then begin in earnest with the selection of physically-realizable components (reasona¬ 
ble inductor Q), construction, and tweaking. If the designer was fortunate enough to have a sweeper, 
delay lines, a wide video bandwidth scope, and other necessary test instrumentation, an actual cir¬ 
cuit could be built, aligned, and applied. But even then the nagging thought would persist: is this 
an optimum design? And what if one particular characteristic — ripple, perhaps — were changed 
for improvement in another response . . . better stopband rejection, for example? 

This process changed, to a large extent, with the advent of the personal computer and filter soft¬ 
ware routines. Thanks to programs like the one WB4EHS describes in "Build Narrowband RF Filters," 
this month's lead article, it's possible for a newcomer to filter design to input his requirements and 
let the microcomputer manipulate the formulas and other data, thereby effecting the best possible 
design in seconds. If this weren't enough of an improvement, the designer can now interact with 
the computer and investigate other possibilities if further tradeoffs are to be considered. 

At ham radio we recognize the importance of the use of computers as useful tools for the Radio 
Amateur and have included, in past issues, articles describing the use of computers and appropriate 
software to aid in the design process, much as slide rules and hand-held calculators were used before. 
Review the five-year cumulative index in the December, 1985, issue for reference to recent computer- 
related design articles.) 

This doesn't mean what we're becoming yet another computer-oriented magazine . . . but on the 
other hand, we won't ignore relatively new procedures that provide useful circuits with greater speed, 
accuracy, and applications. 


Rich Rosen, K2RR 
Editor-in-Chief 
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A COURT RULING OF GREAT POTENTIAL POSITIVE BENEFIT TO AMATEUR RADIO has been reached in the 
case of Thernes vs City of Lakeside Park (Kentucky). In its decision in favor of John Themes, 
WM4T, in his three-year-old antenna dispute with Lakeside Park, the U.S. Court of Appeals for 
the 6th Circuit ordered an earlier district court’s Judgment against Thernes vacated and the 
case remanded to the district court for reconsideration. 

In A "PlggeRl in g" . O pi n ion Judge. Krupanski Argued The Two Other Judges weren't hard enough 
on the city; referring to PRB-1, he said the city’s anti-Amateur antenna ordinance was 
"arbitrary and capricious and deprived the appellate of equal protection under the law" since 
it applied to Amateur antennas but not similar TV structures. He condemned the city’s position 
as “patently frivolous, discriminatory, and without factual support” and the ordinance as "a 
license to discriminate," concluding "I would reverse the (lower court’s) decision, declare the 
ordinance unconstitutional, and award costs against the city including attorney’s fees." 

Strong .Language■ Indeed. In This First Application of PRB-1 . even though the issue in 
W4MT’s case is far from resolved. Now it’s up to the original trial court to make the 
determination of the effect of the FCC’s preemption on the constitutionality of Lakeside Park’s 
antenna zoning ordinance. If that decision favors Amateur Radio (assuming Lakeside Park even 
wishes to continue the long-term court battle), then PRB-1 should be a very strong influence in 
favor of Amateur antennas and towers throughout the country. 

Ih.e_.Fgg.Hfla Also Ado p ted A Limited Preemption Ruling On Satellite Dishes vs zoning and 
other local ordinances. In a January 14 decision, the Commission said, in essence, that local 
regulation should apply equally to all types of antennas, and satellite earth station antennas 
must not be burdened with special limitations not applicable to other antennas. 

"AUTOMATIC CONTROL" FOR DIGITAL AMATEUR COMMUNICATIONS ABOVE 50 MHz was approved by the 
commission in a January 13 report and order on PR Docket 85-105. However, there will still be 
an important limitation with respect to packet since Part 97 requires a control operator be 
present when third-party traffic is being handled and defines third-party traffic as any 
message not originated by the station operator. 

EXPANSION OF 40-METER PHONE FOR U.S. CARIBBEAN AREA AMATEURS has been announced by the FCC; 
Generals, Advanced, and Extras may operate phone from 7075-7100 kHz from Puerto Rico, Virgin 
Islands, and other FCC-administered Caribbean areas after 0001Z February 28. 

THE AMATEUR MILLIMETER WAVE SPECTRUM WILL SEE MAJOR CHANGES ON MARCH 1, with the loss of 
260 MHz plus the 1215-1240 MHz slice of the 23 cm band. No immediate crowding of the Amateur 
mm-wave bands is likely, however, as we'll still have over 12,000 MHz of mm-wave spectrum 
available. The final implementation of WARC ’79 is the reason; the new mm-wave frequencies are 
47.0-47.2, 76-81, 119.98-120.02, and 142-149 GHz. the deleted bands are 48-50, 71.0-71.5, 
165-170, and 240-241 GHz. 

ALL FOUR "INDEPENDENT" NATIONAL VECS HAVE NOW JOINED CARE, the national organization 
established to support and promote the Volunteer Examination program. In addition several 
regional VECs have also signed up, along with a number of individual VEs including some 
accredited by the ARRL. Inquiries about CARE can go to Jim Georgias, W9JUG, at DeVry Institute 
of Technology, (312) 929-8500, or to CARE, Box 688, Glenview, IL 60025. 

"Zero Defects" For Their Pape rwork Was Achieved By All VECs for the first time during the 
month of December! Paperwork errors have been a major VEC program problem since its inception, 
but continued pressure from the FCC and educational efforts by individual VECs finally paid off 
when not one error was found in 3651 sets of December exam submissions. 

Tardy Submissions Have Also Dropped Drastically over the past year; in December, 1984 27 
percent arrived late at Gettysburg. Just under 3 percent were past deadline last December. 

POSSIBILITY OF A NEW "CONSUMER RADIO SERVICE" WILL BE THE TOPIC of an FCC meeting scheduled 
as this Presstop goes to press. The commission is expected, in response to the first of 
several petitions by the Personal Radio Steering Group, to inaugurate a study of the public’s 
need for radio communications and how it relates to the General Mobile Radio Service, the 
sophisticated UHF portion of the Citizens Radio Service. The PRSG has proposed an evolutionary 
change of GMRS into a more flexible service utilizing narrow-band technology and directed 
toward personal rather than business needs. 

A SIZEABLE INCREASE IN NOVICE LICENSES LED THE U.S. AMATEUR POPULATION to another all-time 
high of 415,856 at the end of December. All license classes showed increases over the 
preceding month, but Novices were up a whopping 1529! According to FCC analysis, 2233 Novices 
were newly licensed in December, 1985, versus only 818 the month before and 1196 in October. 

In addition the December, 1984, figure was only 1409 new Novices, so there’s apparently a 
highly successful upsurge in Novice training efforts. ARRL has also launched a strong effort 
to get Novices who’ve let their licenses expire in the past two years renew, with expectation 
that a valid license in hand will restimulate interest. 

With the VEC Program Running Smoothly A nd Recrultment/ Training paying off so well, 1986 
could be a banner year for the Amateur Service even without new Novice privileges. 
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comments 


digital can do more 

Dear HR: 

I want to let you know how much 
I enjoyed the December issue of ham 
radio, with its emphasis on Digital 
Communications. I think you should 
be commended for your efforts to 
move Ameteur Radio into the digital 
age. There are, however, a few com¬ 
ments I wish to make on the subject. 

First, we must get across the idea 
that "digital" and "data" are not syn¬ 
onymous. There are many uses for 
digital transmission besides that of 
data.For example, digital voice, digi¬ 
tal graphics, and digital video (both 
freeze frame and full motion) are areas 
where the Amateur community should 
be conducting experiments and 
demonstrations. Packet radio for data 
is great, but so much more can be 
done. Very sophisticated digital voice 
processors should soon drop in price 
(some, such as CVSD chips, are cheap 
now) and hopefully, 2.4 kbps LPC 
voice processing chips such as the 
Texas Instruments 320. 

Second, I believe the data rate limi¬ 
tations you quoted in your editorial on 
page 5 (and also quoted on page 30 
[by WA1FHB in "A Packet Radio 
Primer" — Ed.]) are too conservative. 
Paragraph (a)(1), Part 97.69 of the FCC 
Regulations on Digital Communica¬ 
tions states that "The sending speed 
shall not exceed the following." and 


goes on to give the limit in baud 
depending on the frequency of trans¬ 
mission. The definition of a baud is a 
unit of modulation rate. Modern digi¬ 
tal radio systems may have many bits 
per second for each baud. Four-level, 
eight-level, 16-level, 64-level and 256- 
level systems have been demonstrated 
and many of these are used in micro- 
wave systems today. Our radio, the 
International Mobile Machine Corpo¬ 
ration's Ultraphone ™ has demon¬ 
strated 64 kbps with 16-level modula¬ 
tion in an RF channel not much wider 
than a 20 kilohertz (4 bits per signal¬ 
ing element). This was done on a fre¬ 
quency of 455 MHz. With the same 4 
bits per signaling element, this would 
allow 1200 bps on frequencies below 
28 MHz, 4800 bps on frequencies 
between 28 and 50 MHz, 78.4 kbps on 
frequencies between 50 and 220 MHz 
and 224 kbps above 220 MHz — a 4:1 
expansion of your limits. It should be 
noted that you don't get something for 
nothing; these high level modulation 
schemes require a higher signal-to- 
noise ratio and more signal processing. 

It is well known that in some cases, 
combining high level modulation with 
the proper error correcting code can 
enhance the performance of the link 
over lower level modulation. The arti¬ 
cle on Hermes ["AMTOR, AX.25, and 
HERMES," by Jerome T. Dijak, 
W9JD, — Ed.] was a good start on the 
right type of coding. Much work needs 
to be done on both modulation and 
coding before standards are set. How¬ 
ever, it would be nice to see someone 
coming out with PSK/DPSK radios. 

To give one example, Bolt Beranek 
and Newman, Inc. have been working 
on digital voice at 300 bps (see Elec¬ 
tronic Design, October 3, 1985, page 
92). Although still experimental, and 


requiring a ridiculous amount of com¬ 
puting power (256 68000 processors), 
this, when combined with a four-level 
DPSK modulation with a 1 12 rate cod¬ 
ing (and interleaving) would give a very 
interesting HF system running at 300 
baud. A good experiment would be to 
determine the amount of interleaving 
processing delay that would be toler¬ 
able. 

A second near term example might 
be using 2.4 LPC voice processing with 
a four-level dpsk 4800 bps modem and 
1 12 rate error correcting coding on 10 
meters. This system should be feasi¬ 
ble for Amateurs to construct in the 
next year or so at a reasonable cost. 

Another example might be high 
resolution (i.e., 600 pixels) freeze 
frame video (or computer-generated 
graphics or fax) with errorless packet 
transmission at 4800 baud on 10 
meters. This might take 10 to 15 
minutes to send, but would provide a 
high quality, error-free picture. Signal 
processing of the image could lower 
the transmission time significantly. 
New, lower-cost CCD video cameras 
will make this concept very feasible. 

A fourth example might be full- 
motion, color video on 6 and 2 meters 
and higher. Systems now exist that 
can transmit these at 56 kbps and with 
VHSIC technology, the cost could 
come down to make this feasible for 
Amateurs. 

Some of the above examples are still 
far out, but still are reasonable goals 
for Amateur Radio. I think that the 
future is digital radio and that low cost, 
spectrally efficient modulation and 
coding are the keys that will make dig¬ 
ital radio feasible for Amateurs. For¬ 
tunately, this modulation and coding 
can be implemented in software on 
signal processing chips such as the 
Texas Instruments TMS-320. We need 
two things to happen: one is for 
knowledgeable Amateurs to develop 
these new modems, and the second is 
for manufacturers to develop radios 
that will accept these modems. 

Allen D. Dayton, KA4JFO 
Fairfax, Virginia 
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build narrowband RF filters 


Like most bandpass filters, these filters have a geo¬ 
metric symmetry about the center frequency: 


fo = 'JJuT 12) 


...and learn 
useful RF techniques 
as well 


LC bandpass filters have been extensively 
covered in the professional literature. While some of 
this has spilled over into the Amateur press, some con¬ 
fusion still remains about what type of filter to use in 
a given application, and how to go about designing, 
building, and alignihg it. In this article I hope to clear 
up some of this confusion and help you choose, 
design, build, and evaluate the filter you need. The 
BASIC program (written in Commodore 64 BASIC, 
but translatable to others) will be presented to perform 
the math for you. 

The filters we're describing here are narrowband, 
capacitively-coupled designs (see fig. 1; note that the 
program prints out the capacitor values using these 
designators, so keep this figure in mind for future refer¬ 
ence.) By narrowband, I'm specifically referring to the 
results of the following, well-known relationship 12 3 : 

Qbp = BWJdB (1) 

/ 0 = mean center frequency (below) 

BW 3( j B = passband width 

For these filters, Q bp must be >10. For Qbp< 10 other 
design techniques are better. References 1 and 2 are 
recommended for coverage of this sort of design, 
based on lowpass filters, and for converting them to 
bandpass. 


f u = upper passband edge 
// = lower passband edge 

Because of this, the response of the attenuation versus 
frequency of these filters does not follow the arithmet¬ 
ical symmetry one might expect. Attenuation increases 
more rapidly on the low side of the passband. 

Also, like most BPFs, these filters have passband 
versus stopband characteristics that are inevitably a 
compromise between passband ripple and attenuation 
at some out-of-band frequency. The optimally flat But- 
terworth (no-ripple) designs will have the poorest 
attenuation out-of-band. The Chebychevs, with vary¬ 
ing amounts of ripple, will give more attenuation at 
the same out-of-band frequency, with the highest rip¬ 
ple designs giving the largest amount of attenuation. 
This attenuation also carries the price of being the 
most difficult of the filter types to build with real-world 
components. 

Choosing the right filter for a job, then, becomes 
an exercise in compromise. In the front end of a 
receiver, for example, the ripple of the Chebychev 
might mean stations not copied (DX not worked). You 
might put Up with a little less rejection of an out-of- 
band signal to hear those. Later on in the rig, a little 
gain can frequently be spared — perhaps the 
Chebychev should go there. One of the advantages 
of the program is that it allows you to compare designs 
before you plug in your soldering iron. 

By Bob Lombardi, WB4EHS, 1874 Palmer Drive, 
Melbourne, Florida 32935 
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using the program 

To design a filter with this program, you need to 
know a few things: first, the center frequency [f 0 ) and 
passband width. Both of these are entered in MHz. 
Next you need to know the required passband charac¬ 
teristics (i.e., Butterworth or 0.01 dB, 0.1, 0.5., or 1.0 
dB ripple Chebychev), what inductor you plan to use, 
and how much attenuation is required at some fre¬ 
quency ratio. 

This last one may be unfamiliar to you. This fre¬ 
quency ratio is expressed as: 


/ BW X 

fc ~ Bii'j 


(3) 


where BW X is the bandwidth at some attenuation x, 
and BW 3 is the (3dB) passband width, as defined 
before. Often, you won't know BW X directly, but will 
know that there is some undesired frequency (/„„), 
such as a broadcaster, or mixing product that you 
want to attenuate. You can solve for BW X by using 
the geometric symmetry of the filter, as follows: 


fo = yffunfo, (4) 

then 

fo 2 _ , 
f — Jot 

Jun 

and BW x = | f un — f 0 i\ 

f ot = the other frequency you need 

You then divide this number by the bandwidth to get 
the ratio, f/f c , that the progam queries for. It is 
entered as a single number (i.e., 3 or 4.237) rather than 
as a ratio. 

The filter that results will inevitably have some 
characteristic impedance that will never be the one 
you're looking for — per Murphy. To overcome this, 
a simple matching capacitor can be calculated for you 
by the program. It can match either end to another 
impedance, and does this by making the end sections 
a capacitjve divider, with one capacitor in series with 
the input and output. It will recalculate the changed 
capacitor in the body of the filter for you. The only 
hazard here is that a large change in impedance may 



make one of the capacitors go negative in value. If this 
happens, you can redesign the filter with a bigger 
inductor, or else use another matching method of your 
own. 

sample filter 

To illustrate the process, here's a filter that I needed 
for a 2-meter transverter. The bandwidth at 50 dB 
down was determined by a local NOAA Weatheradio 
signal at 162.55 MHz that I wanted to knock down as 
much as possible. The 3 dB bandwidth of the filter was 
determined by a need to cover all 4 MHz of 2 meters 
in the peak of the passband. My inputs to the com¬ 
puter are the requirements that I have for the filter: 
Type of filter: 0.5 dB ripple Chebychev 
Frequency Ratio f/f c : 4.13 
Desired Attenuation at f/f c : 50dB 
At this point, the computer responds that an N = 4 
(4 pole) filter will provide 61.08 dB (at f un ) and then 
asks for the center frequency (145), bandwidth (8), and 
the coil used (0.068 //H) It then calculates its 
responses. Its outputs are: 

Coupling Capacitors: 

C12 = .6334 pF 
C23 = .5327 pF 
C34 = .6334 pF 
Resonating Capacitors: 

Cl = 17.08 pF 
C2 = 16.55 pF 
C3 = 16.55 pF 
C4 = 17.08 pF 
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It concludes by telling me that the characteristic 
impedance of the filter is 2050 ohms and asks me if 
I want to match to another. I request 50 ohms, both 
ends, add 3.47 pF to the end sections and change the 
end resonators, Cl and C4, to 13.613 pF (17.08-3.47). 

Although this filter was touchy to align, it was built 
and aligned using sophisticated equipment, then 
measured on a Hewlett Packard Network Analyzer. 
The graphs of attenuation versus frequency for it are 
in fig. 3 along with its schematic fig. 2. 

building the filters 

Of course all this is pretty meaningless without 
working filters that fit your needs — and the program, 
like all mathematical models, is perfectly capable of 
generating answers that solve its equations, but are 
completely absurd in the real world ... all of which 
requires the introduction of some sound ideas for 
building these filters. 

To begin with, filters using conventional discrete 
coils and caps get progressively harder to build and 
align as frequency increases. The Amateur with the 
typical test equipment described below and good com¬ 
ponents and assembly techniques should have no 
trouble getting these filters to work up through 75 to 
100 MHz. Those with high-quality equipment or access 
to it can expect to go to beyond 2 meters. Above 200 
MHz, filter construction and alignment without large 
amounts of equipment demands other techniques, 
which will not be discussed here. 

When it comes to components, the rule is to get 
the highest Q that you can obtain. Low Q causes 
losses in the filter, evidenced by higher insertion loss 
and changes in the passband shape. Capacitors are 
rarely a problem because they tend to have much 
higher Qs than coils. In an inductor: 


X L _ 2rfL 

R R 


(5) 


where R is the ohmic resistance of the wire and Xl 
is the inductive reactance. From this definition, it fol¬ 
lows that you should use the largest practical size wire 
you can. Q is also affected by coil diameter, winding 
pitch, and core or support material. Adding a core 
always degrades Q as does shielding a coil. 

The tradeoff here is that airwound, large diameter 
coils are fine at VHF, but too large at HF. Thankfully, 
iron powder and ferrite toroids provide increased 
inductance, virtually perfect shielding, and reasona¬ 
ble Qs from MF to the low VHF region. Amidon 
Associates provides data that allows you to predict Q 
and the number of turns to wind a given coil, on 
request. 

While Q may not be a major concern with capaci¬ 
tors, stray reactances are. At RF, they contain enough 


table 1. 

Type of Filter 

n = 

2 

Minimum Component O 

3 4 5 6 7 

8 

Butterworth 

2 

2 3 

3 

4 4 

5 

0.10 dB Chebychev 

2 

3 5 

7 

10 14 

17 

0.50 dB Chebychev 

3 

4 7 

10 

14 20 

30 

1.0 dB Chebychev 

3 

00 

LD 

12 

17 26 

35 


This table gives an approximate minimum component 
Q for use in a lowpass filter of the given order. For 
a bandpass filter, this value must be multiplied by the 
passband Q, Q bp . 






fig. 3 (At 2-meter BP filter fine response: (Bt 2-meter BP 
filter response shows stopband attenuation. 


stray inductance to present themselves as something 
far from a perfect capacitor. For example, a 0.001 /tF 
ceramic disk capacitor with 1 /4 inch leads appears as 
a series-resonant circuit (0 ohms) at 55 MHz, while a 
0.01 is self-resonant at 15 MHz. 4 For this reason, it is 
imperative to keep leads as short as possible. 

As for the type of capacitor to use, ultraminiature 
dipped ceramics are best at and above 6 meters, 
although their typical 50 VDC breakdown is low for 
transmitters. Through the HF spectrum, silver micas 
are an acceptable substitute. SMs have a higher stray 
inductance, but it's rarely a problem. They're availa¬ 
ble in higher voltage ratings, too. 
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C HATCH IN*' 





APPEAR IN. 

fig. 5. Breaking up a filter into nodes for alignment. 


C MATCH! Nt 
OUT 


Inductors also show stray reactance — in this case, 
capacitance between adjacent turns. This has the 
effect of making the inductor appear smaller than it 
is, and is especially noticeable as frequency increases. 

One last word on component Q. The filter type cho¬ 
sen imposes some constraints on the minimum Q you 
can live with. Table 1, derived from reference 2, 
presents the approximate minimum Q for a lowpass 
filter of the given type and order. For bandpass filters, 
this must be multiplied by the Qb p , derived previously. 
From this, you can see how high-order Chebychevs 
would be difficult to realize, based on component Q 
alone. 

Component layout requires some thought. While an 
etched PC board is not necessary, at least through 6 
meters, some readers may want to etch one anyway. 
The optimum layout is linear, with the components 
appearing as they are drawn on the schematic. If you 
must "bend" this line to fit into a space, try to keep 
input away from output and break grounds between 
them. A U-shaped layout isn't asking for trouble — 
it's begging. 

Figure 4 is a "universal" four-pole filter prototyping 
board I've used from 1 to 200 MHz. It's etched on 
double-sided G-10, with the back solid groundplane. 


Components are soldered directly to the lands or the 
lands are jumpered out with copper foil for smaller 
numbers of sections. Top and bottom groundplanes 
are jumpered together by wires. 

If you choose not to etch a board, or can't etch a 
board, take heart. Many prototypes in engineering labs 
are built in a style called "dead bug"; components 
going to ground are soldered to a piece of unetched 
PC material and those not grounded are supported by 
their leads going to those that are, or to each other. 
The only precautions necessary are to keep ground 
connections as short as possible and to not lay 
unshielded coils with their axes parallel to each other, 
or with turns touching. Toroids can be placed in any 
orientation to each other and can touch ground with¬ 
out trouble. As in etched boards, the best layout is 
a straight line. 

alignment 

It should be obvious that the only differences 
between, say, a 1.0 dB Chebychev and a Butterworth 
of the same order are small component value differ¬ 
ences. Knowing the value of the components is the 
most important step in getting the filter working. 

There are many ways for measuring component 
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fig. 7. Narrow-band filter CAD program listing. 

1 REfl m BANDPASS FILTER DESIGN FOR NARROW BAND FILTERS 
3 REM PROGRAMMED BY BOB LOMBARDI MB4EHS 
100 PRINT CHR* 1147) 

105 C=0:DIM K(7),C<8) 

110 PR1NT:PRINT:PRINT 

120 PRINT 'BANDPASS FILTER DESIGN PROGRAM*:PRINT:PRINT 

122 PRINT'THIS PROGRAM COMPUTES VALUES FOR' 

123 PRINT "PARALLEL RESONANT, CAPACITIVELY" 

124 PRINT-COUPLED BANDPASS FILTERS':PRINT"THAT ARE (RVONINARROH BANDCRVOF) 
-(0)10)' 

125 PRINT "ENTER THE NUMBER OF THE DESIRED' 

124 PRINT "ROUTINE“:PRINT:PRINT 

130 PRINT"1 FOR BUTTERHORTH":PRINT 

131 PRINT'2 FOR 0.01 DB CHEBYCHEV':PRINT 

132 PRINT’S FOR 0.1 DB CHEBYCHEV:PRINT 

133 PRINT'4 FOR 0.5 DB CHEBYCHEV':PRINT 

134 PRINT'; FOR 1.0 DB CHEBYCHEV':PRINT 

145 INPUT 0:IF 0(0 AND 0)5 THEN GOTO 135 

146 ON 0 GOTO 1000,1100.1200,1300,1400 
1000 REM BUTTERNORTH SECTION 

1010 GOSUB 4000 

1015 IF N=2 THEN 0=1.414:KU)=0.707 

1020 IF N=3 THEN S=1.000:K(1)=0.707:K(2)=K(1) 

1025 IF N=4 THEN Q=0.765:K(1)=0.B41:K(2)=0.541:K(3)=K(1) 

1030 IF N=5 THEN 0=0.61B:K(1)=1.000:K(2)=0.556sK(3)=K(2):K(4)=K(1> 

1035 IF N=6 THEN 0=0.51B:K(1)=1.169:K(2)=0.605:K(3)=0.518:K(4)=K(2):K(5)=K(1) 
1040 IF N=7 THEN Q=0.445:K(1)=1.342:K(2)=0.667:K(3)=0.527:K(4)=K(3) 

1042 IF N r 7 THEN K(5)=K(2):K(6)=K(1) 

1045 IF N=8 THEN Q=0.390:K<1)=1.519:K(2)=0.736:K(3)=0.554:K(4)=0.510 
1047 IF N=B THEN K(5)=K13):K(6)=K(2):K(7)=K«1) 

1060 GOTO 2500 

1100 REM 0.01 DB CHEBYCHEV SECTION 

1110 R=.01:G0SUB4500 

1115 IF N=2 THEN Q=1.4B3:K(1)=0.70B 

1120 IF N=3 THEN Q= 1.181:K(1)=0.682:K(2)=Ktl) 

1125 IF N=4 THEN Q=1.046:K(1)=0.737:K(2)=0.541:K(3)=K(i> 

1130 IF N=5 THEN Q=0.977: K(1)=0.7B0:K(2)=0.540:K(3)=K(2):K(4)=K(1) 

1135 IF N=6 THEN Q=0.937:K(1)=0.809:K(2)=0.550:K(3)=0.5IB:K<4)=K(2):K(5)=K(1) 
1140 IF N=7 THEN Q=0.913:KU>=0.829:K(2)=0.560:K(3)=0.517:K14)=K(3) 

1142 IF N=7 THEN K«5i=K(2):K(6)=K(1) 

1145 IF N=8 THEN 0=0.997:K(1)=0.843:K(2)=0.567:K(3)=0.520:K(4)=0.510 
1147 IF N=B THEN KI5)=K(3):K(6)=K(2):KI7)=K(1) 

1160 GOTO 2500 

1200 REM 0.1 DB CHEBYCHEV SECTION 

1210 R=0.1:GOSUB 4500 

1215 IF N^2 THEN Q=1.638:K(1)=0.711 

1220 IF N=3 THEN Q=1.433:K(1)=0.662:K(2)=K(1) 

1225 IF N=4 THEN Q=1.345:K11)=0.665:K(2)=0.542:K(3)=K(1) 

1230 IF N=5 THEN 3=1.301:K(1)=0,703:K(21=0.536:K(3)=K(2»:K(4)=K(1) 

1235 IF N=6 THEN 0=1.277:K11)=0.715:K<2)=0.539:K(3)=0.518:K(4>=K(2):K15)=K(1) 
1240 IF N=7 THEN Q=1.2fc2:K11)=0.722:K(2>=0.542:K(3)=0.516:K{41 =K(3) 

1242 IF N=7 THEN K(5)=K(2):K(6)=K(1) 



NEW 24 Page 
Buyer’s Guide 
With Guaranteed 
Lowest Prices 

•Explains all about FREE 100 
channel Satellite TV and how 
to shop for an earth station! 

• Lists GUARANTEED 
LOWEST PRICES...we will 
not be undersold, save 30-50% 
over local dealer prices! 

• Tells how to easily and quickly 
Install-Your-Own earth station 
and save $400 or more! 

•Shows how to demonstrate and 
sell earth stations from your 
home and earn extra money! 

unlden pmHd« 

BALCOA 

wit -«>iani ****** 

The new SATMAN Buyer's Guide is a necessity for any 
prospective or current earth station owner who wanis to 
save big money on name brand satellite products and 
also earn some ettra money. Buy direct, Do-It- 
Yourself, and save with SATMAN. Toll free ordering, 
no sales tax (II. only), major credit cards accepted, huge 
in stock inventories available, and fast UPS shipping 
anywhere in U,S, Check with SATMAN before you 
buy... We will not be utufenoMf Caff now for your free 
24 page SATMAN Buyer's Guide. 

1-800-4-S ATM A N 

1-3W-692-9582 Illinois 
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PacCbhm 

Introduces tht 
TNC-200 



- Official TAPR TNC-2 design 

- Top quality components throughout 
■ Standard AX.25 Version 2 protocol 

- Full duplex hardware HDLC 

• Five terminal data rates to 9600 baud 

- Modem adaptable for HF packet 


16K battery backed-up RAM 

- 32K EPROM, software clock 

• Latest multiconnect software 

- Five labeled LEO status indicators 

• Level 3 networking compatibility 

- Choose CMOS version for low power 
(lOOma typical) or NMOS for lower cost 

Assembled and tested CMOS • $ 219.95 
NMOS - $199.95 


Full kit with cabinet 


CMOS - $169.95 
NMOS - $154.95 


Full kit without cabinet CMOS- $ 144.95 
NMOS-$129.95 

Ward-to-find-parts kit CMOS - $ 84,95 
NMOS • $ 79.95 

Bare PC board + assy manual $ 39.95 

Reference manual (100 .* pg) $ 9.95 

Cabinet with end plates $ 29.95 


Macintosh Owners; MACPACKFT. TNC2Q0 
gives pull-down menus, split screens, file 
transfers, automatic routing and morel! 
MACPACKET/TNC200 $69 9S 


Free UPS shipping in continental USA 

Discount 10 % for orders of five or mor 
TNC-200s to the same address 

ORDER TOLL FREE (24 hours) 
800-835-2246 ext. 115 
( Kansas 800-362-2421 ext. 115) 

Information 813-689-5575 

JJJJ (no cod) [qp| 

Ffgrida addresses add 5H 

PAC-COMM PACKET RADIO SYSTEMS. INC. 
4040 W, Kennedy Bind. Tampa, Ft 33609 
InU TELEX 6502881526 WUI 


IF N=8 THEN Q= 1.251: K{1) =0.72B:K(2) =0.545: K(3) =0.5H:K(4) =0.510 
IF N=9 THEN K(5I=K(3):K(6)=K(2i;KI7)=K(l) 

60T0 2500 

REM 0.50 DB CHE6YCHEV SECTION 

ft=0.5:&QSUB 4500 

IF N=2 THEN Q=1.950:K(1)=0.723 

IF N=3 THEN 0=1.864:K(1)=0.647:K(2)=K(1) 

IF N=4 THEN Q= 1.826:K< 1) =0.649:K't2)=0.545:K(3)=k(l) 

IF N=5 THEN 3=1.807:K(I>=0.652:K(2)=0.534:K(3)=K(2):K(4)=K(1) 

IF N=6 THEN Q=1.796:K(1)=0.655:K (2) =0.533:K<3)=0.519:K(4)=K (2) :K(5)=KU) 
IF N=7 THEN Q=1.790:K(1)=0.657:K(2>=0.533:K(3)=0.516:K(4)=K(3) 

IF N=7 THEN K(5)=K(2):K(6)=K(1 > 

IF N=8 THEN Q=i.785:K(1>=0.658:K(2)=0.533:K(3)=0.515:K(4)=0.511 
IF N=8 THEN K(5)=K(3):K(6)=K(2):Kt7)=K(1) 

GOTO 2500 

REM 1.0 DB CHEBYCHEV SECTION 

R=1.0:GQSUB4500 

IF N=2 THEN 0=2.210:K(1)=0.739 

IF N=3 THEN 0=2.210:KU)=0.645:K(2)=K(1) 

IF N=4 THEN 0=2.210:K(1)=0.63B:K(2)=0.546:K(3)=KU) 

IF N=5 THEN 0=2.210;K(1)=0.633:K(2)=0.535:K(3)=K(2):K(4)=K(1) 

IF N=6 THEN 0=2.250:KU)=0.631:K(2)=0.531:K(3)=0.510:K(4)=K(2):K(5)=K(1) 
IF N=7 THEN 0=2.250:K(1)=0.631:K(2)=0.530:K(3)=0.517:K(4)=K(3> 

IF N=7 THEN K(5)=K(2):K(6)=K(1) 

1FN=)8THEN PRINT'CAN’T DO 8 POLE 1 DB CHEBUCHEV. CALCULATING 7 POLE.' 

IF N=B THEN N=7:60TO 1440 
60T0 2500 

REM CALCULATION AND DISPLAY ROUTINE 
PRINT 'HHAT IS THE DESIRED CENTER' 

INPUT 'FREQUENCY (IN MHZJ'jFO 
F0=FQ$1E6 

INPUT ‘HHAT IS THE 3 DB BH (IN MHZ)';BM:BM=BH*1E6 

INPUT ’HHAT IS THE INDUCTOR (IN UH)":L:L=L*lE-6 

H=21 nlFO 

9B=F0/BM 

QC=QBtQ 

FOR !=i TO N-l 

K(I)=K(I)/0B 

NEXT I 

CR=1/((HIM)IL) 

RE=M$LtOD 
FOR 1=1 TO. N-l 
K(I)=K(I)tCR 
NEXT I 

ON N-l 60SUB 2700,2720,2740,2760,2780,2800,2820 
GOTO 2900 

C(1)=CR-K(1):C(2)=C(1): RETURN 

C(1)=CR-K(1>:C(2)=CR-K(1)-K(2):C(3)=C(1): RETURN 

C(1)=CR-K(i):C (2) =CR-K(1)-K(2):C(3)=CR-K(2)-K(3):C(4)=C(1):RETURN 

C(1I=CR-K(1):C(2)=CR-K(1)-K(2):C(3)=CR-K(2)-K(3):C(4)=Cft-K(3)-K(4) 

C(5)=C(1):RETURN 

C(1)=CR-K(1»:C(2)=CR-K(11-K(2):C(3)=CR-K(2)-K(3):C(4)=CR-K(3)-K(4) 
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2785 C(5)=CR-K(4)-K(5):C(6)=C(11:RETURN 

2800 C(1)=CR-K(1):C(2)=CR-K(1)-K(2):C(J)=CR-K(2)-K(3):C(4)=CR-K(3)-K(4) 

2805 C(5)=CR-K(4)-K(5):C(6)=CR-K(5>-K(6):C(7)=C{1):RETURN 

2820 C(1)=CR-K(1):C(2)=CR-K(1)-K(2):C(3)=CR-K(2)-K(3):C<4)=Cft-K(3)-K(4) 

2825 C(5)=CR-K(4)-K(5):C(6)=CR-K«5)-K(6):C(7)=CR-K(6)-K(7):C(8)=C(1);RETURN 

2900 PRINT:PRINT:PRINT 

2910 PRINT "COUPLING CAPS ARE (IN PF)‘ 

2915 FOR 1=1 TO N-l 

2920 PRINT ■Cihl+li": ":K(I}* 1E12 

2930 NEXT I 

2935 PRINT 

2940 PRINT "RESONATING CAPS ARE (IN PF)" 

2945 FOR 1=1 TO N 

2950 PRINT'CMs”: -;C(I)*1E12 

2960 NEXT I 

2970 PRINT “THIS FILTER HAS A CHARACTERISTIC Z" 

2975 PRINT'OF'iRE;“OHMS.PRINT 

2980 INPUT “HATCH TO ANOTHER Z";A$:IFA»<>"Y“ AND A$<>*N"THEN GOTO 2980 
2985 IF A$=*N“6QTQ 3100 

2990 INPUT’NEN SOURCE AND LOAD Z <50,50> , ;RS,RL 
2992 PRINT 

2995 TH=SQR(REIRS-RSIRS):TN=S8R(REIRL-RL 1-2) 

3000 CY=1/(NITH):CZ=1/(NITN) 

3005 PRINT "ADD";CYI1E12; “ PF TO THE SOURCE END" 

3006 PRINT'AND ADD 0 ;CZ41E12;" TO THE LOAD END," 

3010 PRINT:PRINT U THEN CHANGE C(1)T0";(C(1I-CY)*1E12;"PF" 

3020 PRINT'AND CHANGE C(";N;“) TO 0 (CtN)-CZ)«1E12;°PF. 0 
3100 PRINTiPRINT 

3110 INPUT "ANOTHER FILTER (Y OR N)';A$ 

3115 IFA$<>"Y"ANDA$<>“N" THEN 3110 
3120 IF A*="Y"THEN 120 
3200 END 

4000 REH FILTER ORDER CALCULATION ROUTINE 
4010 REH BUTTERWORTH SECTION 

4020 PRINT "ENTER FREQUENCY RATIO F/FC AS A NUHBER, I.E.3":INPUT HR 
4025 INPUT'DESIRED ATTENUATION AT F/FC";AD 
4030 FOR N=2T0 B , 

4040 AC=10I(LOG(1+HR t(2IN)))/(LOG(10)) 

4050 IF AC=>AD G0T04070 
4060 NEXT:GOTO 4100 

4070 PRINT "N=";N;“AT A CALCULATED A=“;AC;"DB°:RETURN 

4100 PRINT'THE REQUIRED ATTENUATION IS OUT OF RANGE FOR A BUTTERNORTH FILTER" 

4110 PRINT'OF UP TO 8 POLES." 

4120 PRINT'A LOW RIPPLE CHEBYCHEV HAY H0RK.":60T0 130 
4130 STOP 

4500 REM CHEBYCHEV CALCULATION ROUTINE 
4510 DEF FNCS(X)=0.51(EXP(X)+EXP(-X)) 

4520 DEF FNASH(X)=L06(X+SQR(XT'2+l)) 

4530 PRINT'ENTER THE FREQUENCY RATIO F/FC AS A NUHBER I.E..3":INPUT WR 
4540 INPUT "DESIRED ATTENUATION AT F/FC";AD 
4560 EP=SBR(10f (R/10I-1) 

4565 N=2 



LOOP YAGIS AND AMPLIFIERS FROM 
DOWN EAST MICROWAVE 

• TRGPO • WEAK SIGNAL 

• EME • OSCAR MODE L A MODE S 

• 902 • 1269 • 1296 • 2304 . 2400 MH? 

2345LV 45 cl loop Yani 1296 MH? 20+ dBi S85 

2445LY 45 cl loop Vagi 1269 MH? 20+ dBi S85 

1345LY 45 el loop Yogi 2304 MH? 20+ dBi S75 

3333LY 33 cl loop Vagi 902 MH? 18 5 dBi S85 

above antennas arc assembled and tested 

All aluminum and stainless construction Kils also available 
Add SB (SI I west ol Rockies) per antenna lot UPS snipping 
2 A 4 way power dividers, complete arrays available 
2316 PA Linear Amp Iw in 18w oul 1296 MH? 13 5 V S230 
2335 PA linear Amp IOw in 36w oul 1296 MH? 13 S V S280 
include $5 lor UPS Blue - 48 stales 
Wrile aboul Higher Power, 2304 Imears. GaAs Pel preamps 
Free catalog 

DOWN EAST MICROWAVE 

Bill Olson. W3HQT 

Boi 1655A, RFD 1, Burnham, ME 04922 

(20?) 940 3741 . 1M 


r FREE CATALOG! 1 


Features Hard-to-Find T ools 
and Test Equipment 



Jensen's new catalog leatures hard-to- 
lind precision tools, tool kits, tool cases 
and test equipment used by ham radio 
operators, hobbyists, scientists, en¬ 
gineers, laboratories and government 
agencies. Call or write lor your tree copy 
today. 



De'pi HR 

7815 S 46th Street 
Phoenix. AZ 85044 
(602| 968-6241 
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LEARN ALL ABOUT 
TROUBLESHOOTING 
MICROPROCESSOR-BASED 
EQUIPMENT 
AND 

DIGITAL DEVICES 

Attend this 4 day seminar and master the essentials 
ol microprocessor maintenance. Gain a firm under¬ 
standing ol microprocessor lundarnemals and learn 
spectated Iroublesnootmg teenniques. Fee is $745.00 

CURRENT SCHEDULE 

• Atlanta, GA - Mar 18-21 

• Tampa, FL — Mar 25-28 

• Chicago. IL - April 15-18 

• Cincinnati, OH - April 21-24 

• Greensboro, NC — April 29-May 2 

• Milwaukee. Wl — May 13-16 

MICRO SYSTEMS INSTITUTE 

Gamed. Kansas 66032 

(913) 898-4695 ^ 143 















MICROCOMPUTER 
REPEATER CONTROL 



$129 


Iniioducing mo MICRO REPPATER CONTROLLER DPT ?A a now 
ccnCQpl -ft LOW COST, EASY TO INTERFACE, microcomputer 
roponfor control Roplnco old logic boards with n slnio o» ihp art 
mcrocomputur Hurt odd* NEW FEATURES HIGH RELIABILITY. 
LOW POWER, SMALL SIZE and FULL DOCUMENTATION to your 
aystom Dltoct mlnrlneo (drop in) with moot mpoalars Oetnilod in 
luflnco infonnoiion included Original MCRO REPEATER CONTROL 
arittlo lontured in OST Doc 1983 


• I wo CW ID 

• fill 10 Out I itnur 

• Put TimoOul Wilin’tyj MSG 

• I'or.i I ifiH.*Ot*l CW MSG 

• Couito;.y Beep 

• A(i *41,0 y lUCJUtj, 


* Hecwiwjuiuwe COR Input 
> ilif)li Cu»r*M«1 PT| (ntoitJCrJ 
» Sn*W.w tr*rw> Gonor.iim 
1 Low Fmw« 8 lb VDC lit 2 

■ Suo 3 ♦>' * 3 b" 

■ Ail COIKH^ tltT', InvIiHfc.Hl 


BPT-2A Kit Only S129 ulus $3 00 shipping 

PROCESSOR CONCEPTS _. 

P O BOX 32908 

MINNHAPOl IS, MN 55432 

(612) 780 0472 7pm-lOptn evenings 

CALL OR WRITE FOR FREE CATALOG AND SPECIFICATIONS 



MqVax 

■*> ON CALL 


OC-1 ONLY $59.95 

Complolo wllh f 

Shlpplrtg/Hflridllrig USA 

OC-2 ONLY $79.95^^3**""’ 

ON CALL is a complete satechvn call system so you don't Imve 
to monitor !hu frotjuuncy. or It.cnn be used ns n decoder lo» 
coniiollmg equipment nt Hie repeater silo and nl home 
Compare Ihcso lonlurcs 

■ digit t6 tone sequential docorder proqrnmmnble.d3.G80 dll- 
letefit codes. DTMF* Formal willi Aulo reset 

• 1 AMP 5P5T relay Output, momentary <ir latched lor external 
paging device such ns Auto horn, tnpo recorder speaker 
Audio flic 

• Flashing LEO call indicator (Energizes when your code hns 
been accessed) 

• easy connection lo any radio *Reg Trout* Mwk 

• t?-i6 volt DC operniion oi att 

•Size OC-t - 3 t x 2 15 x 5 in, 

OC-2 - 23 x 3 75 x 875 itt 

•can be used lor clubs or emoiqimcy groups lor help situations 
To Order Send Chock or Morey 

Ordot To L Carter Rd 


MC'VISA 
NYS Resident 
Add Sates Tax 


Ordol To E Carter Rd 

PO Box 384 

URRENT Weslmoroland.NY 

[Development 13490 

CORPOBATION ?' . „ 


SYNTHESIZED 

SIGNAL GENERATOR 



• Covers 100 MHz to 199.999 MHz in 
I kHz steps with thumbwheel dial • 
Accuracy +/- 1 part per 10 million at all 
Irequencies • Internal FM adjustable trom 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 d8 below carrier • Out¬ 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc @ 'h Amp • 
Available for immediate delivery • $429.95 
delivered • Add-on accessories available 
lo extend freq range, add infinite resolu¬ 
tion. AM, and a precision 120 dB attenuator 

• Call or write for details • Phone in your 
order for fast COD shipment. 

IDO 

VANGUARD LABS 

196-23 Jamaica Ave., Hollis. NY 11423 
Phone; (718) 468-2720 Mon. thru Thu. 


8=(FN ASH(I/EP))/N 
NCMFN CS(B)>tHR 
CN=(2IWC T2-1) 

AC=10tL06< 1+EP T2JCN T 2)/LOG(10) 

IF AC= >AD THEN PRINT’N=";N;’AT A CALCULATED A=";AC:*DB':RETURN 
N=3 

B=!FN ASH(1/EP))/N 
WC= <FN CS(6!)1WR 
CM=(4*MC TT-3*HC> 

AC=i0tL06( 1+EP T‘2ICN L2I/L06U0) 

IF-AC=>AD THEN PRINT ’N=’;N;”AT A CALCULATED A=’;AC;’DB’.-RETUftN 
N=4 

B= (FM ASHU/EP) )/N 
MC= (FN CSIBDINR 
CN=(B»HC T 4-8»HC 1 2+i) 

ACM0IL06U+EP T2ICN P2)/LOG(10) 

IF AC=zAD THEN PRINT ’N=*;N:“AT A CALCULATED A=“;AC;“DB“:RETURN 
N=5 

b=>:fn ashu/ep))/n 

MC=<FN CSI6MIWR 
CN=(16*WC -1-5-20»WC r-3+SINC) 

AC=10tLQG(l+EP T2ICN L 2)/LOG(10) 

IF AC=>AD THEN PRINT ’N=’;N;’AT A CALCULATED A-“;AC;“DB“:RETURN 
H=6 

B=(FN ASHfl/EPM/N 
HC-1FN CSfBlitWR 

CN=(32INC t 6-4BIHC T4+lBtMC T 2-1) 

AC-101 LD6I1+EP T2ICN T 2)/L0G(10) 

IF AC=)AD THEN PRINT "N=“;N:“AT A CALCULATED A=”;AC;“DB“:RETURN 

N=7 

B=(FN ASHU/EP) )/N 
WC=(FN CSIBDtNR 

CN= (64INC T7-112INC T3+56INC T 3-7INC) 

ACM01L06IUEP T21CN T2>/LOG110) 

IF AC=)AD THEN PRINT "N=“;N; ’AT A CALCULATED A=“|AC;“DB“:RETURN 
N=B 

B= (FN ASHU/EP) >/N 
NC=(FN CSIBUINR 

CN=!12SINC t8-256lNC H+160INC T4-32IWC T2+1) 

AC=101 LOG(I+EP T21CN T‘ 2)/LOG(10) 

IF AC= >AD THEN PRINT “N=‘ : ;N;“AT A CALCULATED A=";AC;“DB“:RETURN 
PRINT"THE DESIRED ATTENUATION IS NOT WITHIN RANGE OF THIS PROGRAM* 
PRINT ’FOR THE CHOSEN FILTER TYPE." 

PRINT"A HIGHER RIPPLE DESIGN MAY MEET YOUR RE-BUIREMENTS.“ 

GOTO 130 








values; a bridge can give quite accurate results, and 
commercial or homebrew capacitance meters abound. 
Lacking one of the above, a grid dip meter will do 
nicely. All you need are some capacitors and coils that 
will serve as your standards (known values). Using 
these, an unknown coil or cap can be measured by 
establishing it in a resonant circuit and measuring the 
frequency. The ARRL Handbook, at least up through 
the 1982 edition, included a chart for determining LC 
values using standards of 100 pF and 5/*H, although 
you can use any standard you choose. 4 A frequency 
on the order of 10 MHz is fine for checking capacitors. 

You'll find that the values the program prints out 
for capacitors are generally not standard and will have 
to be made up by paralleling one or two with a trim¬ 
mer. Use the grid dipper to set the value. Likewise, 
coil values will not work out to an exact number of 
turns (e.g., 9.39 turns). What you'll have to do, if 
you're not using a variable coil, is wind the nearest 
whole number of turns and adjust the coil manually. 
This is done by setting the grid dip meter to the proper 
frequency and either squeezing together or spreading 
apart turns until the value is correct. Fix the turns in 
place with coil dope. Keep your hands clear while 
measuring! 

Now that the parts are all the correct value, assem¬ 
ble the filter's nodes by shorting all of the caps around 
an inductor to ground (see fig. 5). All of the resulting 
sections are then tuned to the geometric center fre¬ 
quency,/^ of the filter. Tune only one adjustment per 
node! If the parts are properly measured, this should 
be a very small "tweak"; none may be required below 
50 MHz. Connect the filter into its final configuration. 

Once the components and sections are tested and 
assembled, it's best to verify that the filter you have 
is the one you really wanted (see test setup in fig. 6). 
The signal source can be a cheap generator, either pur¬ 
chased or home-brewed, that puts out several mil¬ 
liwatts of RF. If the RF voltmeter can't read frequency, 
use a counter. A sweep generator and receiver make 
an excellent combination, although a sweeper makes 
some means of accurately measuring the output fre¬ 
quency critical. 

If two voltmeters are available, use one to keep the 
output from the source at the same level. If only one 
is available, set the source to some level and then 
sweep it across the filter's passband (still without the 
filter in line) while recording its level variation for a 
baseline. Then put the filter in line and sweep the 
generator across its range, say from the expected 3 
dB points, or slightly beyond, while recording levels 
through the filter. A power meter permits immediate 
comparison of dB levels; a voltmeter requires a few 
minutes with a calculator. Once the readings are in 
dB, plot them versus frequency and see if you get 
what you expected. Without exceptional shielding in 



the generator and a more sophisticated detector, it 
won't be possible to determine stopband response. It's 
generally valid to assume that if your passband is 
within your expected limits, the stopband will be also. 

If the transmission characteristics of your filter are 
not as desired, it may be necessary to try to tweak 
it in. No amount of advice can help here, however, 
so make sure you've performed all the preliminary 
steps properly before you start ripping it apart. Many 
of these filters — especially those built below 30 MHz 
— work perfectly the first time, . Keep track of what 
you've done, and recheck it often. If worse comes to 
worst, retune all nodes and start over again. (If it's any 
consolation, it does get easier with practice.) 

If possible, build some practice filters in the HF 
range to familiarize yourself with the program and 
alignment methods. Once you've done that, you 
should have no problems. 

Since the program (fig. 7) might be a little long for 
typing in. I'll be happy to copy it for you. Just send 
a formatted disk with a self-addressed disk mailer and 
a check or money order for $3 to me at the address 
listed at the beginning of the article, and I'll return two 
verified copies ASAP. Please feel free to contact me 
about the program or alignment methods. Unfor¬ 
tunately, I can only reply to queries accompanied by 
SASE. 

references 

!. Chris Bowick, RF Circuit Design, Howard W. Sams & Co., 1982, Chap¬ 
ters 2 and 3. 

2. Arthur B. Williams, Electronic Filter Design Handbook, McGraw-Hill, 1981, 
pages 2-8 through 5-24. 

3. Wes Hayward, W7ZOI, Introduction to Radio Frequency Design, Prentice- 
Hall, 1982, pages 90-101. 

4. The Radio Amateur's Handbook, American Radio Relay League, 1982, 
pages 16-21, 17-9. 
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monolithic RF amplifiers 


There’s a new building block 
for HF through 2300 MHz 

The monolithic developments that have revolu¬ 
tionized digital electronics at low frequencies are just 
now being applied to the creation of new types of RF 
devices. In spite of their novelty, monolithic microwave 
integrated circuits (MMICs) may soon prove as revolu¬ 
tionary in high frequency techniques as digital ICs have 
in low-frequency work. At present, entire RF ampli¬ 
fiers are available as MMICs, but soon other RF 
monolithic devices, subsystems and even entire RF 
front ends will be built. Silicon and gallium arsenide 
digital circuitry will also move into the microwave 
region, making digital RF "front ends" possible. All 
of these technologies may make the advanced Ama¬ 
teur equipment of the 1990s vastly more capable than 
today's. 

However, even the first RF amplifier MMICs, which 
are now available, open exciting new possibilities for 
high performance and small size in Amateur equip¬ 
ment. They are useful in all Amateur bands from HF 
up to at least 2300 MHz, and should easily find appli¬ 
cation in receiver and low-power transmitter stages. 
They are very simple to use; only the DC blocking 
capacitors and a bias resistor need to be added exter¬ 
nally to make amplifiers with bandwidths that can span 
multiple decades. Furthermore, these MMIC amplifiers 
now cost less than $3.00 each in small quantities. 

This article describes the design of the simplest form 
of an amplifier stage using one of these MMICs. The 
amplifier as described is useful as a building block in 
many types of equipment, and the description provides 


enough background so that the reader should be able 
to go on to build more complex, multistage cascades. 

MMIC amplifier device characteristics 

One company that produces commercially availa¬ 
ble silicon MMIC parts is Avantek, which offers RF 
amplifiers in low-cost plastic packages. The main RF 
characteristics of these amplifier MMICs are summa¬ 
rized in Table 1. Avantek offers four versions of their 
MMIC amplifiers: the MSA 0104, MSA 0204, MSA 
0304, and MSA 0404. (The 04 suffix indicates the plas¬ 
tic package style). The four amplifiers provide differ¬ 
ent gains and bandwidths and four different output 
power capabilities. 

The MSA 01 has the highest gain, but the gain 
begins to decrease at a lower frequency than for the 
other three amplifiers. The MSA 01 also has the lowest 
DC bias requirements, so it's of interest when low cur¬ 
rent drain is important. Because of its low bias, how¬ 
ever, it has a low output power, too. 

The next two devices, the MSA 02 and 03, have 
approximately equal gains. The chief difference 
between them is that the MSA 03 is specified for 
higher bias and will provide a bit more output power 
than the 02. 

The fourth member of the family, the MSA 04, has 
the lowest gain, but the gain is flat to higher frequen¬ 
cies. It also requires the highest bias current and 
produces the highest output power of the group. 
Figure 1 summarizes the gain-versus-frequency re¬ 
sponses for the four, each operating at its suggested 
bias conditions. 

I selected the MSA 03 for general-purpose use 
because it provides reasonably high gain and fair out¬ 
put power capability, and because the lowest current 

By Jerry Hinshaw, N6JH, 4558 Margery Drive, 
Fremont, California 94538 
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TYPICAL CUN VS. FREQUENCY 



fig. 1. Gain versus Frequency for the four types of MSA amplifier MMICs. Each device is biased at its recommended cur¬ 
rent level, and appropriate input coupling capacitors are used. 


table 1. Summary of MSA 01—04 characteristics. The 
two-digit suffix on each part number indicates pack¬ 
age style; the - 04 indicates the low-cost molded plastic 
package. 

MMIC MODEL MSA 01 MSA 02 MSA 03 MSA 04 
Gain in dB 

at 1 GHz 17 13 12 8 

Noise Figure 

at 500 MHz, dB 5 6 6 6 

Output Power 
PldB at 1 GHz, 

dBm 1.5 4 10 12 


drain is not of much interest in fixed station applica¬ 
tions. Therefore, the remainder of this article describes 
an amplifier built around this device. But the tech¬ 
niques used apply to all four types of MMIC amplifiers, 
and only the biasing needs to be altered to use another 
member of the device in the same circuit layout. 

MSA 03 monolithic amplifier design 

The design of an amplifier block using these 
monolithic devices is simplified greatly by the fact that 
no matching needs to be calculated. Maximum gain 
occurs over a very broad bandwidth with 50-ohm input 
and output terminations because the device is inter¬ 
nally matched. Thus, the only design precautions we 
must take are to ensure that the device “sees" the 


proper input and output terminations, namely 50 
ohms, and that the correct bias is present. 

The first part of this circuit design is satisfied by con¬ 
necting 50-ohm input and output lines to the pack¬ 
age. These input and output connections can be of 
any desired type — coax, microstrip or stripline, or 
even waveguide — but the package's leads must be 
properly transitioned to the connections. The leads are 
small ribbons, identical to those on transistor pack¬ 
ages, and are like those on the commonly-used MRF 
901, so they lend themselves to surface mounting on 
a microstrip circuit board. Microstrip is probably the 
preferred method of connection, since it's the simplest 
approach that can give good, repeatable RF perfor¬ 
mance. So we now have the input and output circuitry 
"designed." The circuitry consists simply of a random 
length of microstrip with a 50-ohm characteristic 
impedance. In microstrip, the impedance of a trace 
depends mainly on the width of the line, but also upon 
the thickness and dielectric constant of the substrate 
material. For commonly available fiberglass epoxy 
boards, the dielectric constant is about 4.3 in the low 
GHz range, and so, for a 1/16 inch (1.6 mm) thick 
board, a trace approximately 0.09 inches (2.3 mm) 
wide has a characteristic impedance of about 50 ohms. 
This is a convenient width for construction of the 
amplifier module because it permits easy connection 
to output conectors and is a fair match to the widths 
of many available chip capacitors. 

The next step of the simple design process is to 
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determine the values for the two capacitors needed 
to provide DC isolation. Although the monolithic 
amplifier contains most of the circuitry necessary for 
a complete gain block inside its package, it does not 
contain the input and output blocking capacitors. 
These components are not included because it is dif¬ 
ficult to make good capacitors of reasonable size right 
on the silicon integrated circuit chip using monolithic 
techniques. Therefore, the manufacturer has omitted 
the DC blocking capacitors, and the designer must 
provide them externally. 

This requirement can, however, be a plus rather 
than a liability because it allows us to set the low fre 
quency response of the amplifier as we choose. The 
gain of an amplifier built with one of these monolithic 
circuits can extend to an arbitrarily low frequency, 
although not to DC, by the proper selection of capac¬ 
itor. In other words, the series capacitors used for 
input and output coupling cause the gain of the unit 
to fall off fairly rapidly below a certain frequency. This 
high-pass frequency response is useful in some sys¬ 
tems. For instance, it might be that we do not want 
low frequency gain in the front-end stages of a UHF 
receiver because excess gain could lead to overload¬ 
ing and distortion caused by signals from strong local 
broadcast stations. 

As a first approximation to calculate the corner fre¬ 
quency of the amplifier, which is what the frequency 
where the gain has dropped to half its midband value 
is called, pick a coupling capacitor with a reactance 
of about 50 ohms at the desired corner frequency. The 
reactance of a capacitor is equal to 

X. = . 1 (1) 

e 6.28 x frequency x capacitance 

Since we want to know the capacitance at a certain 
frequency where the reactance is equal to 50 ohms, 
we can rearrange this formula to 

C = 1 (2) 

6.28 x frequency x 50 

For example, to get a corner frequency of 100 MHz, 
the capacitors would be approximately 32 pF each, 
and the gain would be down from the midband value 
by 6 dB (each of the two coupling capacitors produces 
a 3 dB drop in the gain of the unit). Note, however, 
that this formula gives only an approximate value. 

Next, the bias decoupling circuitry must be pro¬ 
vided. The package used for these monolithic gain cir¬ 
cuits has only four leads, and in order to make it pos¬ 
sible to connect the grounds with low impedance, two 
of the leads are internally dedicated as grounds. This 
means that the two remaining leads are for the input 
and output, leaving none for a separate bias lead. 
The bias current for the amplifier must be supplied via 



its output lead. Thus, it is up to the designer to pro¬ 
vide a biasing circuit on the output lead, which is able 
to supply the neccesary currents to the active stages 
of the device. At the same time the bias decoupling- 
must not seriously degrade the RF connection of the 
output — if it does, the gain will be reduced exces¬ 
sively. 

To bias the amplifier we need a circuit that presents 
a high impedance load at the operating frequencies 
of the amplifier stage to prevent diversion of RF power 
from the output into the biasing network. At the same 
time, however, it must also have low resistance to the 
flow of direct current. A small inductor fills this need 
well at high frequencies. The bias circuit must also 
reduce the supply voltage to the desired collector 
potential, so a series resistor is needed. Table 2 gives 
a few values of resistance that adapt the monolithic 
amplifier to various supply voltages. If the bias volt¬ 
age is relatively high, a resistor alone — without the 
RF choke — will also work well, and will reduce the 
RF gain only slightly. This is especially true when the 
resistance heeded turns out to be greater than several 
hundred ohms. These two biasing schemes are shown 
in fig. 2. 
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table 2. Values of bias resistors for the MSA 03 device 

for various supply voltages. The power ratings for the 

resistors include a 2:1 derating factor. 



Model 

Suggested bias current. 

Supply voltage 


milliamps 

+ 12 

+ 15 

+ 24 

MSA 01 

17 

390 

560 

910 



!4 W 

54 W 

54 W 

MSA 02 

25 

270 

390 

750 



54 W 

54 W 

1 w 

MSA 03 

35 

200 

300 

510 



54 w 

54 w 

1 w 

MSA 04 

50 

130 

200 

360 



54 W 

1 w 

1 w 


Regardless of whether a resistor or an inductor is 
used to provide bias directly, decouple its far end to 
ground with a good bypass capacitor to prevent inter¬ 
action of the external power supply with the RF cir¬ 
cuitry. This capacitor, like the RF coupling capacitors 
in the input and ouput leads, must be chosen with an 
eye on the operating frequency range. Because we 
wish this amplifier to work at VHF and above, the 
capacitors must be suitable and must not have self¬ 
resonances below the operating frequency range. If 
good performance much above 1 GHz is desired, lead¬ 
less chip capacitors should be used; the more familiar 
leaded types of capacitors are self-resonant at too low 
a frequency to be useful here. For VHF and below, 
though, small ceramic capacitors with short leads work 
well. With the selection of the coupling and bias cir¬ 
cuit elements, the design is done. 

construction 

This section describes the construction of a single- 
stage RF amplifier as an example of how useful these 
gain blocks can be, and suggests what can be 
expected in terms of actual performance. The ampli¬ 
fier described here is useful as a building block for 
larger systems or as a test amplifier for use when more 
gain is needed in a breadboard. 

This amplifier was designed to provide useful gain 
from about 100 to greater than 1300 MHz, using the 
Avantek MSA-0355-21 device. This device is packaged 
in a ceramic case, but it is electrically similar to the 
plastic-package MSA-0304 type. I used it because 
when I began this project, the plastic devices had not 
yet been introduced. The device is biased at 35 milli- 
amperes and uses 13-volt direct current. The bias cir¬ 
cuit is a simple hand-wound coil, decoupled at the DC 
end with two capacitors, and a series resistor to drop 
the 13-volt supply to the required level at the MSA 
device's output lead. Figure 3 is a schematic diagram 
of the test amplifier. 

The amplifier was built on a piece of 1/16 inch (1.6 




Reduce to 1.000 


fig. 4. Full size printed circuit negative for the amplifier 
circuit board. The reverse side of the board is unbroken 
copper. 


mm) thick fiberglass epoxy, double-clad printed circuit 
board stock. One side of the board was left untouched 
so that its uninterrupted copper conductor can serve 
as the groundplane for the microstrip traces, which are 
etched or hand-cut onto the other side. Figure 4 is 
a full-size negative of the same design that can be used 
to make an etched circuit board to duplicate the ampli¬ 
fier. The prototype was built on a hand-cut board 
which has approximately the same pattern of traces 
as on the negative . Reference 3 describes one method 
of making hand-cut RF boards. 

The components are all mounted to the top side of 
the board as indicated in fig. 5. The input and output 
coupling capacitors are chips, and are carefully sol¬ 
dered across the gaps in the 50 ohm microstripline 
leading to and from the device. At the output, a small 
RF choke connects to a pad on the circuit board which 
is bypassed to ground at high frequency by a chip 
capacitor and by a ceramic disc capacitor for lower 
frequencies. This pad also is the terminus for the drop¬ 
ping resistor, whose resistance depends on the sup- 
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ply voltage you intend to use. For 13- to 15-volt sup¬ 
plies, 200 ohms is appropriate, and sets the bias to 
about 35 milliamperes. 

The device itself is mounted in a 0.150 inch (3.8 mm) 
diameter hole drilled through the substrate. This hole 
provides clearance for the package so that the four 
leads are flush with the microstrip transmission lines 
to which they connect. The input and output are sol¬ 
dered directly to their respective lines. The two ground 
leads are treated somewhat differently; they must be 
connected to the microstrip groundplane by physically 
short junctions to reduce their impedance to the mini¬ 
mum. Two methods have been used with good 
results: the first is to connect the circuit board's top 
and bottom grounds together with small strips of cop¬ 
per or brass run through the hole drilled to clear the 
amplifier's package. The ground leads can then be sol¬ 
dered to the top plane; the strips provide a short path 
to the bottom groundplane. A second approach is to 
bend the device's two ground leads downward, start¬ 
ing right at the package, and solder the leads to the 
bottom groundplane. Either method works, but I pre¬ 


fer the former for best high-frequency use and reserve 
the second technique for lower frequencies, say below 
1000 MHz. Whichever method you use, keep in mind 
that small physical length and good soldering are 
critical. 

Connectors at the input and output complete the 
assembly. I used SMA connectors so that I could 
evaluate the performance of the amplifier board at its 
maximum frequency, but other connectors can be 
used with good results. Solder the center pins of the 
connector to the microstripline and the outer conduc¬ 
tor to ground, preferably on both sides of the board, 
but certainly on the bottom side. The clearances can 
be tight, so be sure that the outer conductor of the 
connectors does not contact the microstrip line. Fig¬ 
ure 6 is a photograph of the completed prototype 
amplifier used for evaluating the MSA 03 device,and 
for the testing procedure described below. 

The entire amplifier board has only four capacitors, 
two connectors, one coil, one resistor and a monolithic 
amplifier, all mounted on a simple circuit board. That's 
all. Let's see how well it performs. 


30 S3 March 1986 





performance 

The data sheet for the MSA 03 indicates that we 



fig. 6. Photograph of the completed amplifier prototype. The 
ruler scale is in inches. The input connector is on the right. 
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fig. 7. Swept gain response of the test amplifier. The lower 
trace is the RF signal generator alone, while the upper trace 
shows the amplifier's gain added to the generator signal. The 
sweep covers 500 to 1500 MHz. and the vertical scale is 5 dB 
per division. ' 
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fig. 8. Low frequency gain response of the test amplifier, from 
100 to 500 MHz. The gain of the amplifier rolls off as expected 
at low frequency. 


should expect about 12 dB gain at low frequency and 
that this gain should drop to about 10 dB somewhere 
between 1 and 2 GHz. The gain should continue to 
roll off to about 8 dB at 2300 MHz and down to 6 dB 
at 3300 MHz. The performance of the test amplifier 
was measured between 100 MHz and 3 GHz, and the 
measured data corresponded well to these predicted 
values. Figure 7, as an example, shows the gain 
between 500 and 1500 MHz, as seen on the screen 
of a spectrum analyzer. The lower trace is the refer¬ 
ence sweep from just the signal generator, while the 
upper response is made with the amplifier in the line 
between the signal source and the spectrum analyzer. 
Therefore, the difference between the two traces is 
the gain of the amplifier. It is clear that the amplifier 
is nearly "flat" - that is, its gain doesn't vary by much 
over this frequency range, but remains a constant 12 
to 13 dB. 

Below 500 MHz, the gain remains flat down to the 
point at which the input and output coupling capaci¬ 
tors begin to significantly reduce the gain, as explained 
above. Figure 8 shows the response from 100 to 500 
MHz. The gain of the amplifier is down to nearly unity 
(0 dB) a bit below 100 MHz. The "spike" at the right 
edge of the trace is a discontinuity caused by the sig¬ 
nal generator's stopping its sweep, and is not a reso¬ 
nance in the circuit as it might at first appear to be. 

Gain is not the only important amplifier parameter 
of interest. A second, major item is the amplifier's abil¬ 
ity to handle relatively high signal levels. This ability 
is clearly important in a transmitter chain, and it's also 
vital in a receiver because the power-handling capa¬ 
bility of an amplifier determines the upper end of this 
dynamic range. 

Two common measures of the power handling 
capability of an amplifier are used. One is the 1 dB 
compression point. This is the output power level at 
which the amplifier's gain is reduced 1 dB from the 
gain imparted to small signals. This point marks the 
onset of serious distortion in a "linear" amplifier, and 



fig. 3. Two-tone intermodulation output of the amplifier. 
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in general, it is also not many dB from the saturation 
point of the amplifier. The data sheet for the MSA 03 
lists the 1 dB compression point (at 35 milliamperes 
bias) as about 10 milliwatts for signals below 1 GHz, 
dropping to about 4 milliwatts at 2 GHz. 

A second measure of the power handling capabil¬ 
ity of an amplifier is the third order intercept point, 
which is the imaginary point at which certain distor¬ 
tion products would be equal in power with the fun¬ 
damental output of the amplifier. Reference 4 
describes all of this succinctly. Practically speaking, 
third order intermodulation is measured by sending 
two signals of equal amplitude into an amplifier and 
observing the output on a spectral display. The dis¬ 
play will show the two fundamental signals and will 
also show (at some level below the fundamental) a pair 
of responses spaced above and below the two fund- 
mental tones by exactly the spacing between the fun¬ 
damental signals. These are the third order intermodu¬ 
lation products. 

Figure 9 shows this situation clearly. In it, two test 
tones at about 500 MHz, but spaced by about 2 MHz, 
have been passed through the test amplifier and the 
output displayed on a spectrum analyzer. The two fun¬ 
damental signals are at a level of about - 1 dBm each, 
and the third order products are seen to be about 55 
dB below that level. Because the third order products 
are predicted to rise at 2 dB for each 1 dB increase 
in the amplitude of the fundamental signals, the four 
traces would (theoretically) be equal at about +26 
dBm. This figure is somewhat higher than expected, 
as the data sheet suggests a third order intercept point 
of +23 dBm for this frequency and bias condition. 
However, the measurement is subject to some error, 
especially in the precise measurement of power level, 
so this test indicates that the amplifier's performance 
is approximately equal to the data sheet's predictions. 

conclusion 

These MMIC amplifiers offer a powerful new flexi¬ 
bility to RF designers; their cost is low enough so that 
Amateur experimenters can afford to use them. They 
make it possible to build high frequency equipment 
more easily than ever before, and with better results. 

I predict that you’ll be seeing many of them in designs 
over the next few years, and that they will open up 
the microwave bands to a lot of new operation. 
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vswr bridges 


Simple device requires 
careful design for accurate, 
reproducible results 

Some conventional VSWR bridges have a bad 
reputation; there's much confusion. They may have 
a fairly flat forward output vs. frequency response and 
even a good reflected null at a given frequency, but 
at high known VSWRs, they don't seem to do the 
desired job. Sometimes the reflected power is even 
larger than the foreward! Now — in this era of tran¬ 
sistorized amplifiers, some don't seem to provide the 
necessary protection. It would appear that their design 
and construction, therefore, need more attention. 

what's a bridge? 

Conventional VSWR bridges are devices that sam¬ 
ple voltage and current components to a load. They 
all use a voltage divider and a current divider, although 
sometimes these are combined to look more like a 
pickup loop or short transmission line. The sum of 
these normalized samples is the forward output vol¬ 
tage. Usually RF detectors are built-in to provide DC 
outputs. It sounds simple, and it is; but it works as 
accurately as possible to produce the samples, and 
then independently adds or subtracts them. These 
components enter into the basic definition of forward 
or reflected power. 

why so much discussion? 

Obviously, there are several pitfalls — in design, 
construction, and measurement interpretation. If there 
weren't, there wouldn't be so many articles on the 
subject or so much discussion about it. Bridge circuits 
are often evaluated in terms of reflectivity, where the 
ratios are between the forward and reflected output 
voltages, usually expressed in dB, and by forward vol¬ 
tage vs. frequency measurements. A troublesome 
bridge may have an honest reflectivity ratio of only 14 
dB, yet the user may think it's better! Let's examine 
some of the reasons for this. 


how good? 

A reflectivity ratio of 14 dB corresponds to a VSWR 
ratio of 1.5:1, so measurements would then have a 
corresponding uncertainty. A true 5:1 forward-to- 
reflected voltage ratio is a 25:1 power ratio, or 14 dB 
reflectivity. Most practical bridge circuits should relia¬ 
bly hold a 26 dB reflectivity ratio, corresponding to a 
1.1:1 VSWR uncertainty, in normal production prac- 
tive. (Often a lowpass harmonic filter is used after the 
bridge, adding its 1.1:1 VSWR, too. A lab instrument 
can hold 35 dB, and with further adjustment, 50 dB. 

diode knee — a big deal! 

The measurements will vary with temperature 
and/or level because of the diode's offset voltage. This 
threshold of the diode will suppress a small reflected 
voltage and make one think that the bridge is much 
better than it actually is. Even with "hot carrier" sili¬ 
con diodes, this is a factor. Forward-biasing the diodes 
helps, but may substitute the problem of having an 
output even if there is no input signal. Nonlinearity of 
the scale calibration at low signal levels is usually a 
"diode knee" effect, and therefore temperature- 
sensitive. It's best, then, to be at a level high enough 
that results aren't affected by the diode knee. A diode 
threshold of 0.5 volts means that any reflected sam¬ 
ples below that won't give any output indication. 

good ground presents bigger problem 

Many construction problems are partly ground- 
oriented. One must remember that for RF purposes, 
the concept of a ground exists only as a reference 
point for one's thinking. RF impendance and trans¬ 
mission line effects limit the usefulness of that con¬ 
cept. Often, it's no more than an aid to sloppy think¬ 
ing, because of the confusion it creates. The "ground" 
lead of every component is a separate RF ground, but 
all the common resistance and inductance — which 
counts greatly in circuits such as these bridges — 
doesn't show on the schematic. Where the ratios 
between signals are very large, the ground location 
must be correspondingly large. 

By Will Herzog, K2LB, 406 Yarmouth Road, 
Rochester, New York 14610 
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sampling voltage not easy 

The voltage divider's bottom capacitor's lead must 
be the reference ground. Normally the capacitive reac¬ 
tance of this capacitor is low, to present a source 
impedance to pump the current transformer up and 
down, by the voltage sample amount. Some designs 
use a voltage transformer instead of a capacitative 
divider; these designs can represent an even more 
difficult design problem for phase control at higher 
powers. In most cases, the detector level is well below 
the RF power level, so all RF power line and ground 
currents must be kept out of the voltage sample and 
the detector. The detector's ground is the bottom of 
the filter capacitor that follows the rectifier diode. 

voltage divider compensation 

The inductance in series with the voltage divider's 
bottom capacitor must be as small as is practical. A 
small amount may be compensated for by placing an 
inductor in series with the top capacitor so that the 
resonant frequency of the top capacitor and the added 
inductor are equal to that of the bootom capacitor and 
its (minimal) lead inductance. Previously, attempts 
were made to keep the stray inductance of the top 
capacitor short as well — yet this teaches that longer 
can be better!* The filtering for the output leads also 
must not insert ground currents into either the detec¬ 
tors or into the voltage sample. A 100-microhenry 
choke is an appropriate value to use for 2-30 MHz 
because its parallel resonance (i.e., the highest 
impedance or best filtering point) is about 12 MHz, 
the center of the band. Often we shield or filter these 
output leads, but forget about where the bypass capa¬ 
citors or shield(s) are grounded. 

current sample 

Most current transformer designs use an electro¬ 
static shield to prevent capacitive coupling from the 
coaxial line to the current sample, but forget that the 
capacitance from both ends of the sampling inductor 
and its load resistors to ground must also be small, 
so the voltage sample doesn't inject an extra compo¬ 
nent into the current sample. 

current transformer paradox 

There is an intrinsic error caused at the low-fre¬ 
quency end by the inductance of the secondary. The 
primary magnetic field in the transformer is directly in 
phase with the actual primary current. Any delay in 
the field's buildup is an inductive effect that would 
retard the current. This delay is a consideration in a 
voltage transformer, but in a current transformer the 
current itself is the thing to be measured or referenced. 
The impedance of the primary must be kept small 


enough to not affect the current. So the magnetic field 
builds up to nearly the speed of light. But it's the rate- 
of-change of this field that induces the internal secon¬ 
dary voltage. Note that this is the theoretical open cir¬ 
cuit voltage. It's not the same as the terminal voltage 
that we can see, measure, and use. For our sine wave 
current, the phase of this induced voltage must be at 
a maximum at the same time that the primary current 
is going through zero; thus, there's always exactly 90 
degrees between them. The induced voltage lags the 
current by 90 degrees (or more conventionally stated, 
the current leads the induced voltage by 90 degrees). 
The actual terminal voltage is then further delayed to 
nearly a 180-degree total because a second, never- 
quite-90 (let's assume 88) degree phase shift adds to 
this to make an overall 178-degree current lag in the 
dividing transformer. The 88-degree shift is caused by 
the inductive reactance of the winding, its resistance, 
and the load resistor. 

current sample termination resistors 

We then also have a 2-degree leading current sam¬ 
ple from the second terminating resistor, since the 
reference ground was considered as the junction of 
the two resistors. Note that if the outputs are to be 
equal, the resistors for each polarity of current sam¬ 
ples must be equal. It's nice to have highly stable 1 
percent resistors. This 2-degree error is caused by 
insufficient inductance of the secondary itself. So this 
inductance must be large compared to the termina¬ 
tion resistors so that we get as close as practical to 
a 90-degree phase shift of the current lagging the 
induced voltage.The actual error is the angle deter¬ 
mined by the arctangent of the ratio of the secondary's 
reactance, at the lowest frequency, to the terminat¬ 
ing resistance. 

it can be compensated 

One can look at it as though there's a constant cur¬ 
rent driving the transformer at the time when the sam¬ 
ple should be; but there's a small phase lag of the 
actual current driving the termination. Shunting the 
termination resistors with a second series combination 
consisting of a resistor and capacitor can correct for 
this phenomenon and for core loss! This works by 
modifying the termination by unloading and present¬ 
ing a slightly capacitive load at the lowest fre¬ 
quencies.* 

current sample terminations 

The required turns ratio for the current transformer 
is determined by considering the practical value of ter¬ 
minating resistors for the output voltage desired, and 
by how much power is to be wasted in them. To sim- 
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plify the current transformer design, one might think 
that lower values of ohms, such as 5 ohms, would lead 
to better bridges, but the output must then be kept 
low because of the power allowable in these resistors; 
but then the desired output voltage is low, and that 
leads to diode-knee effects and problems of tempera¬ 
ture and stability. All designs are a compromise, with 
time and money determining when to shoot the 
engineer and ship the radio. 

transformer phase delay 

Any tansformer has a phase delay of its output com¬ 
pared to its input because of the transmission line 
effects of its wire. This limits the bandwidth for most 
designs. I measured the phase delay of several trans¬ 
formers by using a vector voltmeter, with its reference 
probe across a 10-ohm resistor threaded through the 
core (lead length must be 1 /4 inch maximum) and the 
other probe across the normal termination resistor. 
Ten to 30 degrees seems typical at 30 MHz for 2 to 
30 MHz designs. But one commerical design had a 
180-degree shift at 35 MHz! 

two are better than one 

One way of reducing the transformer phase delay 
and helping to alleviate some of the problems 
described above, is to use two transformers, con¬ 
nected in series, rather than only one. The first core 
encircles the transmission line, and its output is sim¬ 
ply passed through the second core to be its one-turn 
primary. The second core then requires fewer turns 
because the effective turns ratio is the product of the 
turns on each transformer. So two 7-turn transformers 
connected in series give the same ratio as one 49-turn 
transformer. The total length of wire required is then 
less, lowering the total phase delay. The two- 
transformer design also allows the link-turn to be 
grounded to help act as a second electrostatic shield 
to increase the "common-mode rejection." 

current sample compensation 

I propose a way to correct for the transformer's 
phase delay by adding an extra inductor in series with 
the terminating resistor (about 0.02 to 0.1 microhen¬ 
ries in series with 56 ohms at 30 MHz), so the current- 
sample voltage seen by the detector diode is not only 
the transformer's secondary current through its ter¬ 
mination resistor, but also has an extra leading vol¬ 
tage component because of the added inductor. This 
works because the voltage across and inductor leads 
the current through it to shift the current sample's 
phase just enough to make up for the transformer's 
delay.* Previous procedures called for reducing the 
inductance of the current transformer's terminating 


resistors — I'm saying to increase it, even build it in! 
Quarter-inch lead length variation can be significant. 

tolerance adjustment handle 

A variable resistor across the current sample, to 
shunt some of it, can serve as a stable null adjustment 
control. Low inductance film types are now available. 
Most variable capacxitors that have enough range are 
quite expensive, and are either large in size or subject 
to drift with temperature. 

misinterpreting the results 

Here's how I kid myself into making a bad bridge 
look good for a test. Let's assume that I have the nor¬ 
mal setup of a (transmitter) generator driving the vol¬ 
tage sample divider, then into the current transformer, 
and then to the (antenna) design nominal load, usually 
50 ohms. The forward output is the largest output side, 
where the two equal samples add, and the reflected 
output is the null output, where the two equal sam¬ 
ples subtract. The samples are usually diode detect¬ 
ed to provide DC outputs to the forward and reflected 
meter(s). The usual test for the bridge is to set the null, 
making the two samples equal at that point by shift¬ 
ing the amplitude of one of them. I assume that the 
two current samples must be equal also. But because 
of the diode knee, the fact that this null might not be 
very deep is usually hidden, and we usually accept 
some reflected power at this null because there is no 
phase control. I assume that the two samples are really 
equal, and I assume that they both hold constant with 
frequency. If they aren't, I fix it, so I succeed in mak¬ 
ing the bridge work into 50 ohms (because I've 
nulled/gimmicked/set it for the desired result at this 
point). But when I use this bridge, these errors could 
be great enough for me to be bothered by the forward 
power variations not holding power, and the reflect¬ 
ed power indications could become virtually useless. 
So one can't extrapolate from this simple alignment- 
test that the bridge will perform at other frequencies 
or with various loads. 

bridge makes a VSWR 

At the high frequency end, the shunt capacitance 
of the voltage sampler and the series leakage induc¬ 
tance of the current sampler and its leads cause the 
VSWR into the bridge itself to never be the same as 
the load presented to the bridge. This is a larger ef¬ 
fect when the bridge is a low-power one, but is most¬ 
ly a function of layout and can usually be compensated 
for by adding a small series inductance at the input 
to complete a "T" lowpass filter. For fair comparison 

'Patent applied for, Harris Corporation, 1680 University Avenue, Rochester, 
New York 14610. 
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or evaluation, directional coupler bridges should not 
be put in series and read all at once. 

is it symmetrical? 

The usual way to check the forward sample’s null 
is to run the bridge backwards — i.e., reverse the coax 
connections and the metered outputs to see that the 
bridge is symmetrical. Actually, the impedance to the 
coax ports should be the same both ways, but the 
reflected null outputs should not! The backwards null 
should indicate higher because the impedance at that 
point really isn't the same. The presence of the vol¬ 
tage sample, or the current transformer, makes it 
different. So this effect will cause even a perfect bridge 
to be one-sided at its high frequency end, if the null 
is checked in both directions. This presents a poten¬ 
tial interpretation propblem, and explains why input 
and output labels should be used. This effect is 
greatest for low-power units. 
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modifying the Yaesu FT-301 

for 30-meter coverage 


Five straightforward steps 
convert this transceiver 
for 10-10.5 MHz operation 

The Yaesu FT-301 is an attractive looking modern 
transceiver marketed in the very late 1970s and early 
1980s. It was built in four basic models identified as 
the FT-301, FT-301 D, FT-301 S, and FT-301 SD. The 
suffix D denotes the model with a built-in frequency 
counter which drives a digital frequency readout. The 
suffix S denotes the QRP version, for which the final 
power amplifier is not included. It uses the driver as 
the output amplifier, and is rated at 10 watts output. 
The full power version was designed to run about 230 
watts input, and is rated at 100 watts output. 

The FT-301's operating capability includes SSB 
(upper and lower sideband), CW, AM, and FSK. The 
rig is all solid-state, including the final amplifier, and 
has provisions for the usual crystal filters for controlling 
receiver bandwidth. Also included is a noise blanker, 
an optional RF speech processor, marker generator, 
RIT, and provision for an external VFO option. The 
transceiver operates on 13.5 volts, and draws 21 
amperes on transmit (3.1 amperes for the S model), 
and 1.1 amperes on receive. 

The transceiver covers the Pre-WARC 10 through 
160-meter bands (the 10 meter band is divided into four 
500 kHz segments designated 10A, 10B, 10C, and 
10D), and one additional position on the bandswitch 
designated AUX. It is this last position that can be con¬ 
verted to provide coverage of the range 10.0 to 10.5 
MHz, including the 30-meter Amateur band from 10.1 
to 10.15 MHz. 

The AUX position was originally intended by Yaesu 
to be an option that could provide coverage of the 
27-MHz Citizen Band. Altering it to cover the 30-meter 
band is not difficult, but does require some care and 
patience. Fortunately, the conversion can be accom¬ 
plished with the tools and test equipment found in 


most Amateur stations. Conversion has no effect on 
the operation of the other bands in the transceiver. 

The conversion project is divided into five steps, one 
of which is not required in the dial (nondigital) models. 
These steps cover conversion of the digital display 
PB-1542; the band oscillator crystal unit PB-1441; the 
bandpass filter unit PB-1442B; the tunable filter 
trimmer unit PB-1446; and the output low-pass filter 
unit PB-1445. (The PB designations above are the 
same as shown in the documentation included in the 
Yaesu instruction manual for the FT-301.) 

overview of the 
transceiver block diagram 

Understanding the principles employed in the design 
of this transceiver will make the description of the con¬ 
version steps easier to follow. 

In the transmit mode, the signal originates at 9 MHz, 
where crystal filters and a balanced mixer provide 
upper and lower sideband capability, and where pro¬ 
vision is also included to generate CW, AM, and FSK 
signals. 

The 9-MHz signal is heterodyned to the desired out¬ 
put operating frequency by being mixed with a pre¬ 
mix frequency in a 500-kHz segment located between 
13.9985 MHz and 39.0 MHz, with its exact location 
dependent upon the band in use. This pre-mix fre¬ 
quency is itself the heterodyne product of two fre¬ 
quencies set by the main tuning VFO (between 5.0 and 
5.5 MHz), and a band-determining crystal. (An excep¬ 
tion is the 80-meter band, for which the 5.0-5.5 MHz 
VFO output is used directly as the pre-mix frequency.) 
Table 1 shows the data as presented in the Yaesu in¬ 
struction manual, to which a final line has been 
added showing the proper frequency relationships for 
30-meter band coverage. 

The same pre-mix frequency is used in the receive 
mode, and several of the same tuned circuits are 
switched so that they serve the same frequency¬ 
determining function for receive as for transmit. Con¬ 
sequently, one set of modification steps serves for 
both transmit and receive, and essentially the same 

By Warren Offutt, AF9Q, 1012 Hawthorne Lane, 
Geneva, Illinois 60134 
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table 1. Frequency relationships. 



frequency 

crystal 

premix out 

band 

MHz 

MHz 

MHz 

160 meters 

1.5- 2.0 

16.0 

10.5 11.0 

80 meters 

3.5- 4.0 

none 

5.5- 5.0 

40 meters 

7.0 7.5 

21.5 

16.0 16.5 

20 meters 

14.0-14.0 

28.5 

23.0-23.5 

15 meters 

21.0-21.5 

35.5 

30.0-30.5 

11 meters 

27.0-27.5 

41.5 

36.0-36.5 

10 meters A 

28.0-28.5 

42.5 

37.0-37.5 

10 meters B 

28.5-29.0 

43.0 

37.5-38.0 

10 meters C 

29.0-29.5 

43.5 

38.0-38.5 

10 meters D 

29.5-30.5 

44.0 

38.5-39.0 

>vwv 

5.0 

13.9985 

13.9985 

30 meters 

10.0-10.5 

24.5 

19.0-19.5 


VFO: 5.0-5.5 MHz IF: 9.0 MHz 


steps that align the receiver also align the transmitter. 

The front panel band-peaking control adjusts a set 
of three permeability-tuned circuits, which resonate 
the receiver mixer, RF stage, and transmitter driver. 
Each band has its own set of trimmer capacitors. The 
permeability-tuned coils permit the user to peak the 
tuned circuits for the band in use, and also set the 
proper L/C ratio over the 1.5-30 MHz frequency range. 

Finally, the output of the transceiver is connected 
to the 50-ohm antenna coaxial receptacle through a 



AUX setting of bandswitch used for 30 meters. 


set of low-pass filters, with the proper filter selected 
by the bandswitch for the band in use. 

conversion steps 

The five conversion steps may be tackled in any 
order you prefer; however, the order described below 
is recommended. In this order, you'll become familiar 
with the transceiver's interior by accomplishing the 
easier tasks first. None of the steps is unreasonably 
difficult, nor is any likely to cause problems with ad¬ 
justment. You will have to fabricate one special 
soldering iron tip, which is described below. The con¬ 
version is not For the rank beginner in electronics, but 
you don't need to be a PhD either. Carefully follow 
the description and instructions below, work slowly, 
and you'll be rewarded with very attractive results. 
(The work should take about five or six hours.) 

parts and tools needed 

Only ordinary tools are needed for cqmpletion of this 
project. They include the following: 
miniature wire cutters and needle-nose pliers 
electronics grade forceps, with locking handle 
assorted small screwdrivers with conventional flat 
blades 

plastic hex alignment tool to fit T-1006 in the band¬ 
pass filter unit 

small (27 watt) soldering iron, with screw-on tip 
(Ungar or Radio Shack) 

medium-size soldering iron (approximately 60 watts) 
flashlight and magnifying glass (or magnifying 
glasses you can wear) 
proper size Phillips screwdrivers (see below) 
grip-dip meter (optional, but desirable) 
dummy load (50 ohm) 

RF wattmeter or equivalent power meter 

Be sure the Phillips screwdrivers really fit the screw 
heads properly. When they are correctly matched, the 
screwdriver securely grabs the screw; when they are 
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poorly mated, it is impossible to crack free a tight 
screw. Don't bypass this step. Four of the screws 
you'll have to remove are hard to reach, and have been 
glyptal-locked in place. You'll need a good match be¬ 
tween the screwdriver and the screw head. It seems 
to me that Japanese screws have shallower wells than 
the American screwdrivers can accommodate, and it's 
sometimes necessary to file or grind off a little of the 
screwdriver point in order for it to seat properly. 

The grid-dip meter is optional, but it is very handy 
for checking and preliminary alignment. 

You'll have to fabricate a special tip for the soldering 
iron. Figure 1 shows its design. A convenient source 
of hard copper wire of the proper gauge is the copper 
rod sold in hardware stores for replacing the pull rod 
in a ball-type toilet tank valve. It is 105 mils in diameter, 
and is equivalent to B&S 9 gauge wire. 

Materials for the project include the following: 

HC-25U crystal, 24.50000 MHz 

5 signal diodes, 1N914 or equivalent 

1 good quality fixed ceramic capacitor 15 or 20 pF 

2 good quality fixed ceramic capacitors 45 pF 

3 miniature compression trimmers, 200 pF 

miscellaneous hookup wire, insulating tubing, etc. 

The crystal should be ordered for a 30-pF load capaci¬ 
tance, fundamental frequency of 24.50000 MHz, paral¬ 
lel resonance, and 0.001 percent accuracy. 

Standard width (5/8-inch/1.59-cm) compression 
trimmers may be used, but if you can find the narrower 
version (3/8 inch/0.95 cm), such as Calectro Catalog 
No. R1-248, 55-300 pF), installation is easier. The 
capacitance when resonated will be between 100 and 
175 pF. 

preparation 

Disconnect all cables from the FT-301 transceiver, 
and remove the top cover by snapping out the four 
cover locks. Lift the cover free, but be careful not to 
tear free the speaker cable. It has an in-line connec¬ 
tor that may be released to permit setting the cover 
aside in a safe place. 

Turn the transceiver over, placing it on a soft pro¬ 
tective surface. Remove the twelve small screws that 
hold the bottom cover in place (four on the bottom, 
four each on the left and right sides), and carefully lift 
the cover free and place it aside. 

Position the transceiver with the front panel toward 
you (and the rear apron away from you), upside down, 
so you're looking into the bottom of the chassis. This 
is the position in which steps 1 through 4 are com¬ 
pleted, and is the position to which directions below 
apply. 

Inspect the transceiver to familiarize yourself with 
the general layout. Make notes to assist in reassembly 
when you're finished. It goes without saying that you 



should be satisfied that the rig works properly before 
you begin; no modification should ever be started 
unless the equipment is in good working order to start 
with. Otherwise, if problems arise, you may never 
know their true cause. 

step 1; conversion of 
the digital display 

If the model you are converting does not have the 
digital display, but is instead the analog dial model, 
skip this step and go directly to step 2. 

Locate the display logic unit, PB-1542 — the verti¬ 
cal printed wiring board, immediately behind the 
center of the front panel, and parallel to it. It is the 
board on which the LED digit displays are mounted. 
Along the bottom edge of this board (which is now 
"up" because the rig is upside down), you'll find a row 
of 15 terminals, part of a 15-pin receptacle/plug com¬ 
bination which connects the board to a small cable 
harness (which itself has an in-line receptacle/plug 
combination 1 inch (2.54 cm) or so further toward the 
rear). Counting from your left, identify pins 7, 8, 9, 
10, and 11. (Pins 14 and 15 have no wires connected 
to them; be sure you count correctly.) These five pins 
must be pulled to ground when in the AUX band posi¬ 
tion so that the display reads 10 to the left of the 
decimal point. 

A few words of explanation may be helpful at this 
point. The digital display is not entirely a genuine fre¬ 
quency counter. The digits to the left of the decimal 
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Assembly of soldering tool behind screw on tip with old tip 
end removed. 

point are "forced," in that a diode matrix activated 
by the bandswitch commands a display of 28 for 10 
meters, 21 for 15 meters, etc. The diode matrix is 
located in the counter mixer unit (the square box a few 
inches further toward the rear). Unfortunately, the 
diode matrix is potted in a 14-DIP package, and 
altering the 27-MHz section to yield 10 is not possi¬ 
ble. We shall use the five diodes to construct an ex¬ 
ternal diode matrix, which will have the same effect 
as reprogamming the matrix in the DIP package. As 
a matter of fact, it's easier to do the job as described 
below than it would be if it were possible to reprogram 
the DIP package because no disassembly of the 
counter mixer unit will be required. 

Form the five diodes in a small pack as shown in 
fig. 2. The cathodes should be connected together 
as a common bus. Carefully position the diode pack 
on the up-facing surface of the 15-pin receptable, and 
connect the five diode anode leads to pins 7, 8, 9, 10, 
and 11. (Pin 11 causes the first digit to be 1; pins 7, 
8, 9, and 10 cause the second digit to be 0.) With care 
(watch out for solder bridgesl), solder the five diode 
leads to the correct pins. Inspect your work. 

Now, locate the black wire, the far end of which 
connects to the AUX lug on the bandswitch wafer 
(SW2A-1 in the Yaesu documentation) closest to the 
front panel. If your rig doesn't have the 27-MHz op¬ 
tion installed, the near end of the black wire will be 
found connected to pin 13 of the same group to which 
you just connected the diodes. If your rig has the 
27-MHz option installed, the near end will be found 
connected to one of the center lugs (pin 6, but double 
check) of the cable in-line receptacle-plug combina¬ 
tion mentioned above. When you've located the cor¬ 
rect wire, disconnect its near end from whichever 
place you found it, and connect it now to the common 
rail of the new five diode matrix you just installed. The 
purpose is to ground the common bus of the five 
diodes when the bandswitch is in the AUX position. 
Using some sticky filament tape or equivalent, fasten 
the five diodes down neatly to the top of the 15-pin 
receptacle. 


You've now completed the conversion of the digital 
display. You may check your work by connecting the 
power supply to your rig and turning it on. With the 
bandswitch in the AUX position, the display should 
operate normally, and the first two digits should read 
10. Before you consider this step completed, run 
through the other band positions, and verify that the 
display reads the correct digits to the left of the decimal 
point for each band. If not, the likely cause is either 
that you connected to wrong pins, or (more likely), 
that you have a short or solder bridge between two 
pins. You should not encounter such problems if you 
work very carefully and take your time. It's very satis¬ 
fying to see that 10-MHz frequency displayed, but 
don't be fooled: the rig isn’t yet on 30 metersl Carefully 
redress the wires around the display unit to their 
original positions, and go on to step 2. 

step 2: conversion of the 

band oscillator crystal unit PB-1441 

This one is easy. On your left you'll find a flat 
horizontal metal shield plate. It has access holes for 
various alignment trimmers and is held in place with 
eight screws. Remove them, noting their position care¬ 
fully (they're not all the same length). Remove the flat 
shield and lay it aside in a safe place. 

A few inches behind the front panel, in the first com¬ 
partment under the shield, you'll find a crystal socket 
board with eight, nine, or ten crystals in it. Eight 
crystals are for the existing bands, 160 through 10 
meters. The ninth crystal (if present) is for the 
JJY/WWV option. The tenth crystal (if present) is in 
the AUX socket and is for the 27-MHz option. 

Incidentally, if your rig does not have the option to 
receive WWV on 5 MHz, this would be an ideal time 
to add it. The WWV crystal should meet the same 
specifications mentioned above and have a frequency 
of 13.99850 MHz. The WWV trimmer closest to the 
front panel tunes the circuit for oscillation; the WWV 
trimmer one step toward the rear apron adjusts for zero 
beat with WWV. This option works well only with the 
mode switch in the LSB position. 

The crystal socket in the rear row, closest to the 
center of the rig, is the proper place for the new 
24.50000 MHz crystal for the 30-meter band. You may 
install it now. 

It will be necessary to pad the existing AUX trimmer 
with a 15 to 20-pF capacitor. The easiest way is to form 
the leads of the capacitor so it can lie alongside the 
AUX trimmer, and carefully tack-solder the leads to 
the AUX trimmer leads. The proper two AUX trimmer 
leads are (a) the lead facing the rear of the chassis, 
and (b) the lead facing the center of the chassis. Work 
with a clean, hot iron, and pre-tin the new capacitor 
leads. Don't overheat the trimmer. This task is easy 
if done with care. 
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Some of the subsequent steps depend on this circuit 
oscillating properly. The likelihood is that correct 
oscillation will be obtained if the AUX trimmer is set 
at mid value. However, a simple additional test can 
be used to verify proper operation as follows. 

The sixth harmonic of 24.5 MHz is at 147 MHz, 
which falls conveniently in the 2-meter band. Assum¬ 
ing you have (or can borrow) a 2-meter HT, tune it 
to 147 MHz, and then listen for the squelch to open 
when you tune the AUX trimmer. (Power must be 
applied to the FT-301, of course, and the bandswitch 
must be in the AUX position. The FT-301 should be 
in the receive mode.) With the HT antenna within a 
few inches of the crystal compartment, the 147-MHz 
signal should be at full quieting. The proper setting 
of the AUX trimmer should be about 1/4 turn less 
capacitance than that at which oscillation starts; in 
other words, don't crowd the maximum capacitance 
setting at which the circuit begins to oscillate. You 
may, if you wish, use the HT to judge the position at 
which oscillation is strongest. 

When you're satisfied with the oscillator operation, 
you may proceed to step 3. (Note: you may find that 
the 24.5-MHz crystal oscillates just fine without the 
extra 15 or 20-pF capacitor. If so, the extra capacitor 
may be omitted; however, to be sure you are optimally 
tuned, it's a good idea to add it, especially since it's 
easy to do.) 

step 3: conversion of the 
bandpass filter unit 

The compartment next to the crystal compartment 
of step 2 is the bandpass filter unit PB-1442B. It is 
located one compartment away from the crystal com¬ 
partment, toward the rear of the transceiver. Within 
this compartment, locate bandpass filter T-1006, 
which is toward your left and toward the rear. It is the 
filter that connects to the AUX lugs on bandswitch 
wafers SW2A-6 and 7. The primary connection has 
a piece of hookup wire from the AUX lug on wafer 
6 (an easily accessible lug toward the center). The 
secondary connection has a piece of shielded cable 
that connects to the AUX lug on wafer 7 (also easily 
accessible). 

Assuming you have a grid-dip meter available, tem¬ 
porarily tack-solder one of the 45-pF capacitors from 
the AUX lug on wafer 6 to ground, and, similarly, the 
other 45-pF capacitor from the AUX lug on wafer 7 
to ground. In other words, you'll be shunting the pri¬ 
mary and secondary of the filter, each with a 45-pF 
capacitor. Leave the leads long, and form them open 
so you can insert the grid-dip meter coil into first the 
primary, and then the secondary capacitor lead loop. 

Power to the FT-301 should be removed. The band- 
switch should be in the AUX position. You should find 
a weak dip on the primary side with the grid-dip meter 



In line cable receptacle winch obscures diode-pack installation beneath 


Install the 5-diode matrix pack under the in-line cable 
receptacle. 



Capacitors New crystal Oscillator padder 


New crystal, oscillator padder, and padding capacitors across 
T-1006. 

somewhere between 19 and about 25 MHz. You 
should find a strong dip on the secondary side in the 
same general range. 

With the alignment tool, adjust the core in T-1006 
until the strong dip on the secondary side is at 19 MHz. 
(The weak dip on the primary side should be some¬ 
where between 19 and about 20 MHz; don't worry 
about the exact value.) 

Unsolder the two capacitors from their temporary 
positions, and, after trimming their leads, solder them 
permanently at the terminals of T-1006, one shunting 
the primary and the other shunting the secondary. 

If you don't have a grid-dip meter, you may omit 
the above temporary installation of the capacitors and 
go immediately to their final installation at the terminals 
of T-1006. In this case, you won't be able to adjust 
the core of T-1006 until later. 

(The above does not result in an optimal bandpass 
filter. However, optimal operation over the full range 
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of 10.0 to 10.5 MHz is not needed. The above 
approach is more than adequate for the Amateur 30 
meter-band and also allows good reception of WWV 
on 10 MHz.) 

You've now completed the conversion of the band¬ 
pass filter unit. 

step 4: conversion of the 
tunable filter trimmer unit 

The trimmer unit, PB-1446, is located in the center 
of the transceiver, and the trimmer adjustments are 
now facing down toward your workbench. We're not 
going to modify the trimmer unit itself; instead, we're 
going to augment it with three new trimmers to be 
located next to the permeability-tuned coils. 

Immediately behind (toward the rear of the rig) the 
bandpass filter unit of the previous step, you'll find 
three compartments housing the permeability-tuned 
coils. The actual permeability-tuning mechanism is 
facing down toward the workbench. Each of the three 
compartments contains one (or two) wafers of band- 
switch SW2A, and also contains the wires connecting 
to the underside of the above mentioned trimmer unit. 

Using a clean, hot, medium-size soldering iron 
(about a 60-watt rating is suitable), very quickly un¬ 
solder the three flexible braid shields from the three 
postage-stamp-size PC boards at the base of the 
permeability-tuned coils, and carefully fold the shield 
braids back. Also, in the rearmost of the three com¬ 
partments, unsolder the parallel resistor pack from the 
same PC board, and carefully fold it back to give full 
access to the switch wafer. 

With a magnifying glass and flashlight, identify the 
AUX lugs on wafer sections SW2A-9,10, and 11. (The 
wafer sections are numbered from the front panel to 
the rear.) You'll find that the desired lugs are not easily 
accessible; they're on your left side and are the next- 
to-lowest lugs. On each of the above wafer sections, 
the AUX lugs are jumper connected to the lugs for 
bandswitch positions 10D, 10C, 10B, and 10A. The 
lug next to the AUX lug is the 10D lug. It's necessary 
to remove the jumper from the AUX lugs (on just these 
three wafers, don't remove the jumper on wafer 
SW2A-8). The jumper wires are wrapped once around 
the lug. 

This is the time for a steady hand; don't attempt 
this step if you're tired or in a bad mood. It's certainly 
possible to accomplish the task without damaging any¬ 
thing with the soldering iron. You'll have to dress the 
various leads to the side a bit to get best access. Plan 
the job, and practice it once or twice with a cold iron 
so you can get the feel of the task before you begin. 

With the aid of the special soldering tool and a long, 
thin screwdriver or scratch awl, carefully unsolder and 
unwrap the jumper wires from the three AUX lugs, 
one on each of the identified wafers. Don't man- 



Tuneable New compression 

Filter Compartments trimmers 


Tunable filter unit showing new compression trimmer 
locations. 


handle the lugs. The lug material is thinner gauge than 
is conventional in American-made switches; treat it 
with respect. In the two rearmost compartments, 
you'll have enough room to reach in with a small pair 
of wire cutters and snip off the unwrapped 1 /4-inch 
(0.635 cm) or so of lead. In the forward compartment, 
however, such luxury is absent and you'll have to settle 
for just bending the lead end out of the way, or 
working it back and forth until it breaks off at the 
10D lug. 

Prepare three pieces of thin, bare, stranded (flexi¬ 
ble) hookup wire, each about 3 inches (7.6 cm) long. 
Form a suitable hook in the end of.each, and care¬ 
fully solder one of the wires to the now-empty AUX 
lug on the rearmost wafer, SW2A-11. Bring the free 
end of the wire up where it is readily accessible. Using 
the other two wires, do exactly the same thing on the 
AUX lugs of wafers SW2A-10 and SW2A-9. 

The three compression trimmers are to be mounted 
alike. There's room (just barely) for them to be installed 
vertically (actually, at about a 60- or 70-degree angle! 
alongside the compartment shields, one in each of 
the three compartments, with the adjustment screws 
facing toward your right, and slightly up. It's necessary 
to trim the lugs on the compression trimmers so they 
can fit; the ground end of each trimmer is to be 
soldered to the postage-stamp-size PC board immedi¬ 
ately next to (or under) the corresponding shield braid 
wire. The other lug on each compression trimmer is 
connected to the stranded wire you connected to the 
AUX lug in the same compartment. Be sure to slip a 
piece of insulation over the bare wire after you've cut 
it to length so it won't short to the chassis when the 
compression trimmer is lowered into its final position. 
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The purpose of the above is to separate the AUX lugs 
from the 10-meter positions and give each of the three 
AUX lugs its own compression trimmer to ground. 

After the compression trimmers are properly in¬ 
stalled, their adjustment screws should be accessible 
with a long, thin screwdriver or alignment tool. 
Following installation of the three trimmers and in¬ 
spection of your work, reinstall the resistor pack lead 
in the rear compartment and return the three shield 
braids to their original position. 

Now stop and breathe a sigh of relief. The worst 
is over. The rig will now operate on 30 meters, al¬ 
though step 5 should be completed before you return 
the rig to service. 

alignment 

You may now connect the power cables and turn 
the transceiver on. Set the band-peaking control on 
the front panel to a point midway between the 40- and 
20-meter band positions. The pointer should be just 
barely past the numeral 6. Tune the rig to 10.110 MHz, 
and use the grid-dip meter as a signal source at that 
frequency. When you've found the grid-dip meter 
signal, tune the two compression trimmers closest to 
the front panel for maximum signal. Also peak band¬ 
pass filter T-1006 for best reception. If you weren't able 
to check the adjustment of the crystal tuning earlier, 
this is a good time to do it. 

Connect a dummy load and some kind of power 
meter to the antenna terminal. Set the mode switch 
to the CW position and key the rig. Set the drive 
control so that modest output is obtained and adjust 
the third compression trimmer (the most rear) for 
maximum RF output. 

Now, observing the RF output, gently peak the 
second compression trimmer. If the maximum output 
does not occur at the same compression trimmer ad¬ 
justment as you obtained for best receiver sensitivity, 
turn the bahd-peaking control on the front panel 
slightly toward the 20-meter position and repeat the 
alignment of the two front-most compression trimmers 
on receive. Then check the adjustment for maximum 
transmitter power as above. It should not take more 
than one or two tries to find a satisfactory set of 
adjustments. 

At this point you should have no trouble hearing 
30-meter signals on the air, and, at the right time of 
day, a very strong WWV on 10 MHz. You might find 
the receiver gain to be a little lower on this band than 
on the other bands. Much of the reason is because 
of the 9-MHz trap in the antenna lead. If you wish, 
simply short it out or tune it somewhat lower than 9 
MHz and accept the slight compromise with 9-MHz 
suppression. (The 9-MHz trap is T-1401, and is located 
on trimmer unit PB-1446.) In any case, the receiver 
gain is entirely adequate for everyday use. 



Ong of tho iwo now lumpers Connocling 20 motor LPP to tho AUX terminals 


Low-pass output filter assembly on rear apron. 

You may find it easy to overdrive the final, and that 
the drive control must be set back to a lower level than 
customary. The reason is that the exciter drive-level 
potentiometer serving the 10-meter band also serves 
the 30-meter band now. Readjust it if you wish, 
following the instructions for the VR Unit PB-1448 
found in the instruction manual. It is easier, in my 
opinion, to simply reduce the drive level using the 
front panel control. You're now ready for the final 
conversion step. 

step 5: conversion of the 
output low-pass filter unit 

In the original design of the FT-301, Yaesu didn't 
include any low-pass filtering for the 10- and 11-meter 
bands. Even though the power amplifier is push-pull 
and is essentially linear, it's good practice to use a filter 
on the output. There is not sufficient room to include 
a low-pass filter specially dedicated to the new 30- 
meter band position. 

A practical alternative that works well for me is using 
the 20-meter low-pass filter for 30 meters as well as 
for 20 meters. With this arrangement, no second 
harmonic was detectable at a listening location about 
3/4 mile (1.2 km) from my location. Higher harmonics 
should be suppressed by the 20-meter filter, which is 
a conventional constant k design, without m-derived 
notch sections. 

Remove the power cables and turn the transceiver 
so the rear apron faces forward. Remove the power 
amplifier (assuming you do not have the QRP version). 
The low-pass filters are located in the compartment 
along the rear apron. With the power amplifier (or the 
rear cover, for the QRP model) removed, both filters 
and the wafers of switch SW2B are visible. It is 
necessary to get at both wafers. Proceed as follows: 

Locate the shaft coupling that couples the rear end 
of the shaft of SW2A to the forward end of the shaft 
of SW2B. Loosen the two rear set screws. Be sure 
you understand what position the switch is left in, and 
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which lug ori the SW2B wafers correspond to AUX 
and to 20-meter positions. 

There are four screws holding the PC board with 
the filter coils and four screws holding the mounting 
plate for SW2B. Remove all eight. Be especially 
cautious removing the latter four, it's easy to distort 
the switch lugs, and once bent out of shape it is a terri¬ 
fying job to repair them. Here's where you'll need 
caution and well-fitting screwdrivers. 

With the eight screws removed, lift the PC boarcj 
and switch body together as a loose assembly, gain¬ 
ing access to the lugs on both wafers. 

As before, remove the jumpers that connect the 
AUX lugs to the 10D lugs on both wafers. Solder a 
new jumper of fairly heavy wire connecting the AUX 
lug on the top wafer to the 20-meter lug on the same 
wafer. Do the same on the bottom wafer. The purpose 
is to use the 20-meter filter on 30 meters as well as 
on 20 meters. 

After inspecting your work, reassemble the filter 
assembly, remembering to have SW2B in the correct 
position with respect to SW2A before tightening the 
shaft coupling. To ensure proper mechanical align¬ 
ment, tighten the shaft coupling while holding SW2B 
firmly against its mounting surface, before you tighten 
the four switch plate mounting screws. 

To avoid losing the four switch mounting screws, 
position the transceiver vertically with the front panel 
facing down. (Two old copies of the Callbook are just 
the right size for supporting the edges of the front 
panel so that no mechanical stress is placed on the 
knobs.) 

With reassembly of the low-pass filter unit and re¬ 
placement of the rear panel/power amplifier, you've 
completed the conversion. 

final cleanup 

Reassembly is easy, and follows the reverse order 
as disassembly. You'll want to make one final align¬ 
ment before replacing the shield plate. The final align¬ 
ment should be done at about 10.125 MHz and should 
follow the same procedure as above. The receiver 
alignment should be done while listening to a weak 
signal on the air. Adjust T-1006 this time for maximum 
RF drive in the transmit position; doing this makes it 
a little easier to tune it to the peak position. 

You may notice a large amount of 1-MHz marker 
leakthrough on 9 MHz while working on the receiver. 
With the shields replaced and the rig buttoned up, this 
will no longer be a problem. 

No special instructions are needed to enjoy 30 
meters. The rig operates on this band just as if it came 
factory equipped with the capability. Signal reports on 
the air have been good, and I enjoy having WWV on 
10 MHz conveniently at hand. 

ham radio 


K.V.G. 

CRYSTAL 

PRODUCTS 



9 MHz CRYSTAL FILTERS 


MODEL 

Appli¬ 

cation 

Band¬ 

width 

Poles 

Price 

XF-9A 

SSB 

2.4 kHz 

5 

$53.15 

XF-9B 

SS8 

2.4 kHz 

a 

72.05 

XF-9B-01 

LSB 

2.4 kHz 

8 

95 90 

XF-9B-02 

USB 

2.4 kHz 

8 

9590 

XF-98-10 

SSB 

2.4 kHz 

to 

125.65 

XF-9C 

AM 

3.75 kHz 

8 

77.40 

XF-9D 

AM 

5 0 kHz 

a 

77.40 

XF-9E 

FM 

12.0 kHz 

B 

77.40 

XF-9M 

CW 

500 Hz 

4 

54.10 

XF-9NB 

cw 

500 Hz 

a 

95.90 

XF-9P 

CW 

250 HZ 

8 

131.20 

XF-910 

IF noise 

15 kHz 

2 

17,15 


10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Invilod Shipping $3.50 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands. 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 


MMkl691-l37 

$259 95 

MMII296-144G 

$329.95 

MMk1296-l44G 

159.95 

MMX126B-144 

259.95 

MMC439-ATV 

94.95 

MM|435-28(S) 

299.95 

MMc432-28(s) 

MMc144-28(HP) 

79.95 

MM1432-28 S) 

279.95 

84.95 

MMI144-28(R) 

319.95 

MMc 144-28 

64.95 

MM1144-28 

189 95 

LINEAR POWER AMPLIFIERS 


2M: 


70cm: 


MMLI44-30-LS 

$109.95 

MML432-30-L 

$219.95 

MMLI44-50-S 

149 95 

MML432-50 

199.95 

MML144-100S 

209.95 

MML432-100 

379.95 

MML144-100-LS 

249 95 


, V 

MML144-200-S 

399.95 

- 'A VA 


ANTENNAS 



2M: 



v* 161 

10XY-2M 

$69.95 

LOOP YAGIS 


70cm: 


1268-1. Y 

$49.95 

70/MBM28 

$39.95 

1296-1Y 

49.95 

70/MBM48 

64.95 

1691-1Y 

59.95 

70/M BM 88 

94.95 

ordor loop yagi connector extra 

a Send 66c (3 stamps) far full details ol all our VHF & UHF equipments and KVG ciystaf 

| products 

| Shipping FOB Concord. Mass 

m 

W; 



(617)263-2145 
SPECTRUM 
ERNATIONAL, INC. 
Post Office Box 1084 
>rd, MA 01742, U.S.A. 


BASEBALL CAP 

How about an attractive BASEBALL style cap 
that has name anti call on it. it gives a 
jaunty air when worn at Hamlesls and it is 
a great help lor iriends who have never 
met to spot names and calls lor easy 
recognition. Great lor birthdays, anniver¬ 
saries, special days, whatever occasion 
Hats come in the following colors: 

SOLD. BLUE. RED. KELLY GREEN 
Please send call and name (maximum 6 tellers 
per line). 

□UFBC-81 $6.00 



I.D. BADGES 

No ham should be without an I.D. badge. It's jusl the thing lor club meetings, 
conventions, and get-togethers, and you have a wide choice ol colors. Have 
your name and call engraved in either standard or script type on one ot these 
plastic laminated I.D. badges. Available in the following color combinations 
(badge/lettering) while/red. woodgrain/white. blue/white, white/black. yellow/ 
blue, red/white, green/white, metallic gold/black. metallic silvcr/black. 

□ UID Engraved 1.0. Badge $2.50 



Ham Radio’s Bookstore 

Greenville, NH 03048 


Please Enclose $2.00 
to cover shipping and handling 




PRACTICALLY SPEAKING 


build a bench power 
supply 

A popular project for Amateurs and 
other electronic hobbyists is the direct 
current (DC) power supply for the 
shop workbench. Amateurs are often 
tempted to build their own power sup¬ 
plies because commercial models may 
be relatively expensive, especially 


when "junkbox" parts are readily avail¬ 
able. We also often find that voltage 
and current rating, in particular, are 
not to our liking. For example, many 
± 12 VDC power supplies offer only 
100 or 500 mA of current — which 
seems terribly little! 

The DC power supply described 
below can be easily built by almost 


anyone, is easily adapted to other vol¬ 
tages or currents and as shown, is 
already more flexible than most com¬ 
mercial bench power supplies. 

In designing this power supply, my 
selections were dictated by my own 
needs, which are, I hope, similar to 
yours. Because I work a lot with oper¬ 
ational and other linear 1C amplifiers, 











I needed either ± 12 VDC or ± 15 VDC 
at a current of 500 mA or more per 
voltage (e.g., - 12 VDC at 500 mA, or 
more). Because some of my projects 
have been extensive, and also because 
1-ampere components are so easily 
available, I built a ±12 VDC dual¬ 
polarity power supply that provides 1 
ampere at both voltages. 

The DC power supply also had to 
provide a variable 0 to 15 VDC at 5 
amperes. In addition, a supply capa¬ 
ble of being adjusted for 5 volts would 
power TTL digital circuits that include 
most of today's 64K single-board 
microcomputers. 

Digital projects are not my only rea¬ 
sons for needing a brutish variable 
voltage power supply. Sometimes I 
repair (or operate) my 2-meter FM 
mobile rig in the house. And others will 
occasionally ask me to look at, test, fix 


or otherwise wave a magic wand over 
VHF-FM marine radios — some of 
which are merely high-priced versions 
of popular ham rigs! For these jobs, I 
set the output voltage to + 13.8 VDC 
(or + 13.6 VDC for some models), and 
can deliver up to 68 watts with the 5 



fig. 2. Completed power supply. 


parts list 


T1 

T2 

CRB1 

CRB2 

Cl 

C2 

C3 

C4 

C5,C6 

C7,C8,C9,C10 

C11,C12. 

C13 

CR1 — 4 

R1 

R2 

SI 

U1 

U2 

U3 

FI 

F2,F3 

F4 


12.6 VAC RMS at 5 amperes (or more!) 

25.6 VAC RMS at 3 amperes center-tapped 
50-volt PIV at 12 amperes bridge rectifier 
50 volt PIV at 1 ampere bridge rectifier 
(note: 1000 volt PIV used in the original). 

10,000 pF/35 tO 50 WVDC (or (wo 5000 

/<F in parallel) 

1 jiF/35 to 50 WVDC 
10 f.F/25 WVDC 
1 iiF/25 WVDC 
2200 iiF/35 WVDC 
0.1 /iF/50 WVDC 
1 fiF/25 WVDC 
0.001 /tF to 0.01 ii/50WVDC 
disc ceramic 

1N4002 (or any 1N4XXX up to 1N4007) 

120 ohms/0.5 watt 

5000 ohm potentiometer 

SPDT switch rated for 110 VAC or higher 

LM338K 

LM-340K-12 (or “K” packaged 7812) LM340K-12 
LM320K-12 (or “K” packaged 7912) 

3-ampere fuse 
2-ampere fuse 
10-ampere fuse 


Miscellaneous: four chassis-mounted fuseholders, heatsink 
for U1 (see fig. 2), chassis or cabinet, output 
terminals of your selection (most will use binding posts or 
j barrier strips). 


amperes of current available. This 
power supply will handle a 50-watt 
mobile rig nicely. 

Another design requirement was 
that all voltages be regulated. This 
requirement not only allows precise 
operation, but also reduces rectifier 
ripple to nearly zero. While most of the 
projects I build don't specifically 
require voltage regulation, none are 
harmed by it. On the other hand, 
projects that require voltage regulation 
usually can't do without it, so I provide 
regulated voltages to all projects. 

In the sections below, we'll discuss 
the design of the power supply, pay¬ 
ing some attention to the rules of 
thumb used. These rules will permit 
you to design and build similar power 
supplies of your own. After all, the cir¬ 
cuit for the + 12 VDC fixed supply is 
good for any 100 mA to the 3-Ampere, 
three-terminal 1C voltage regulator. 

design 

The power supply has two sections, 
as evidenced by the 1.0- to-15 VDC at 
5 ampere variable and ± 12 VDC at 1 
ampere (per side) dual polarity fixed 
supplies. Because custom trans¬ 
formers are neither cheap nor easily 
obtained, I used separate transformers 
for this project. 

The requirement for most three- 
terminal 1C voltage regulators is that 
the input voltage be + 2.5 volts higher 
than the rated output voltage. For the 
12 VDC supplies, therefore, we need 
14.5 VDC or more from the rectifier/fil¬ 
ter circuit; for the 0 to 15 VDC supply, 
we need 17.5 VDC from the recti¬ 
fier/filter. 

So how do we obtain the needed 
voltages? In most cases, we will have 
to specify the AC secondary voltage of 
the transformers, so we must be able 
to relate that specification (an RMS 
voltage) to the required voltage. Keep 
in mind that for sine waves, the out¬ 
put of the rectifier is very nearly the 
peak voltage of the transformer secon¬ 
dary winding. In order to find the mini¬ 
mum HMS voltage rating, we must 
multiply the required DC voltage 
needed by 0.707. For the 12 VDC sup¬ 
plies, where the input must be 14.5 
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VDC or more, then: 0.707 x 14.5 = 

10.5 volts RMS, which means that the 
RMS rating of the transformer secon¬ 
dary must be 10.5 VAC RMS (or 
more). For the 0 to 15 VDC supply, 
where the voltage to the regulator 
input must be 17.5 volts DC or more: 
0.707 x 17.5 = 12.4 VAC RMS (or 
more). In both cases, the next higher 
"standard" transformer rating is 12.6 
VAC RMS. 

The transformer used for the 0 to 15 
VDC at 5-ampere supply needs a 
secondary current of 5 amperes or 
more. Being conservative in such mat¬ 
ters (by virtue having had to repair too 
many burned-out power supplies over 
the past two decades), I selected a 

12.6 VAC RMS at 8 ampere model 
from a mail-order catalog, though I 
would have preferred 10 amperes). 
Note: surplus military transformers are 
usually derated considerably, so they 
can generally be used by Amateurs at 
a higher rating. 

The ±VDC dual polarity supply 
presents a special problem because we 
would ordinarily need two 12.6 VAC 
transformers, one for each polarity. 
For this case, I selected a 25.2 VAC 
RMS (or higher) transformer that has 
a center-tapped secondary winding. 
With the center tap used as the ground 
(or common) reference, we essentially 
have two 12.6 VAC RMS transformers 
sharing a common secondary. 

The current rating of the 25.2 VAC 
RMS transformer needs to be at least 
2 amperes (1 ampere for each polar¬ 
ity), plus a safety margin. This extra 
rating is needed because I used a sin¬ 
gle fullwave bridge rectifier as if it were 
two halfwave bridge rectifiers. This 
rectification scheme requires a 40 per¬ 
cent margin, or 0.8 amperes in this 
case. Thus, the transformer rating had 
to be 25.2 VAC RMS (or higher) at 2.8 
amperes (or more). My local Radio 
Shack had one on sale (but not in the 
catalog!) that was rated at 25.6 VAC 
RMS at 3 amperes with a center- 
tapped secondary. It filled the bill 
nicely. 

Rectifiers CRB1 and CRB2 were 
selected according to two different rat¬ 
ing criteria: peak inverse voltage (PIV) 


and forward current. Although both 
rectifiers were bought as pre-made 
bridge "stacks," yours can be made 
from discrete rectifier diodes as shown 
in the inset in fig. 1. 

The required PIV voltage rating is 
determined from the applied forward 
voltage, and is a minimum rating; 
higher PIV is permitted, and may even 
be desireable. The usual rule of thumb 
is that the PIV rating of the diode in 
a filtered DC power supply be 2.82 
times the applied RMS forward volt¬ 
age. Since 12.6 VAC RMS is applied, 
the minimum acceptable PIV rating is 
2.82 x 12.6 VAC RMS, or 36 volts. 
The next higher standard PIV rating is 
50 volts PIV. 

The forward current for CRB1 is 5 
amperes; and for CRB2 it is 1 ampere. 
Because I prefer a substantial margin, 
I selected a 12-ampere chassis- 
mounted model for CRB1. Rectifier 
CRB2 was rated at 1 ampere at 1000 
volts PIV because these are almost 
universally available, and stacks 
greater than 1 ampere are both more 
expensive and less easily obtained. 

The filter capacitors are selected 
according to a 2000 /tF/ampere rule of 
thumb, so 10,000 ^F was used for Cl 
and 2000 /xF was used in each of the 
12 VDC supplies (C7 and C8). In both 
cases, the voltage rating (WVDC) 
must be greater than the rectified out¬ 
put voltage — or not less than 25 
WVDC given that standard voltages 
must be used. For a margin of safety, 

I selected 50 WVDC for Cl and 35 
WVDC for C7 and C8. 


The other capacitors in the circuit 
are for noise immunity protection. The 
lone exception is the optional capaci¬ 
tor, C13. This capacitor is needed by 
those who work on transmitters or 
other devices that emit RF energy. 
Radio frequency signals that get onto 
the output leads are transferred into 
the power supply and become a 
source of problems. Place a 0.001 /iF 
to 0.01 fiF disk ceramic capacitor 
across the output. This capacitor must 
be mounted directly on the output ter¬ 
minals, not on the circuit board. In 
general, use a value closer to 0.001 /iF 
if you work only on VHF equipment, 
and closer to 0.01 iiF if HF and lower 
frequencies are anticipated. Keep in 
mind that the HF value might be indi¬ 
cated if you plan to monitor 2 meters 
while operating on HF, even though 
the power supply will never be used for 
HF equipment. 

There are four 1N4002 (or any 
1 N4XXX-series diode up to 1N4007) 
rectifier diodes in this circuit. These 
diodes are used to protect the 1C volt¬ 
age regulator, especially at turn-off. 
Charge stored in the various capacitors 
can be dumped back into the regula¬ 
tors in a disastrous manner, and the 
diodes provide a less dangerous path. 
Normally, diodes CR1 through CR4are 
reverse-biased. 

construction 

Figure 2 shows the construction of 
the power supply. Although I used a 
simple aluminum chassis and bottom 
plate, you might opt for a cabinet. My 
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The AEA model PK-80 is a wired, 
tested, and calibrated version of the 
famous TAPR TNC-2 and comes with a 
one-vear conditional AEA warranty. 

You can interface the PK-80 with 
anv ASCII terminal or a personal 
computer and standard terminal 
software. The PK-80 is loaded with all 
the latest AX.25 version 2.0 software 
and advanced packet hardware 
circuitry that makes the TNC-2 the 
newest benchmark for comparision. 

Compare the following as represen¬ 
tative of the advanced new features 
relative to the competition. 

• Hardware HDLC for full duplex 

• True Data Carrier Detect (DCD) 
for HF operation 

• Operates with 300, 1200, 2400, 
4800, and 9600 baud terminals 

• Five front-panel status indicators 

• Multiple connect 

• Connect check (poll final bit) 
fully implemented 

• Connect AUTO response message 

• Only three commands necessary 
for making standard contacts 

• 82 software commands possible for 
the most demanding requirements 


Prices and Specifications Subject to Change 
Without Notice or Obligation. 

ADVANCED ELECTRONICS APPLICATIONS, INC. 
P.0. Bo* C-2160. Lynnwood, WA 98036-0918 
TELEX: 6972496 AEA INTLIIW 
(206) 775-7373 

“ ^EAE 

AEAEAEAE 

u ^^..Aeaeaeaeaeaeae 

■keAEAEAEAEAEAEAEAEAEAE 
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selection was dictated by the physical 
configuration of my workbench. 

Both transformers are mounted on 
the chassis, as are capacitor Cl and 
the heatsink for U1. Keep in mind that 
either U1 must be insulated from the 
heatsink (the method I selected), or 
the heatsink must be insulated from 
the chassis. The reason for this 
requirement is that the output termi¬ 
nal of U1 is the regulator case. If you 
opt for insulating 111, then buy a tran¬ 
sistor mounting kit. 

Another option is the type of poten¬ 
tiometer selected for R2. In my case, 
I used a remotely located potentio¬ 
meter on top of the workbench; you 
might prefer the pot on the same cabi¬ 
net as the rest of the supply. Alterna¬ 
tively, you might prefer a trimmer 
potentiometer for set-and-forget oper¬ 
ation. 

There are two other options for you 
to consider. First, do you want an out¬ 
put voltmeter, especially on the 0 to 15 
VDC supply? I used an outboard meter 
— my normal bench digital multimeter. 
You, however, may want to obtain 
either analog or digital panel meters 
and install them across the 0 to 15 
VDC output. 

The second option is a current meter 
for the 0 to 15 VDC supply. A 0 to 5 
ampere analog meter can be con¬ 
nected in series with either output line, 
but if you want a fancy digital meter, 
take a look at fig. 3, in which the cir¬ 
cuit of the 0 to 15 VDC supply is 
shown modified for metering. We can 
either break the positive output line as 


shown, or break the negative output 
line at point "A" and insert a 0.1 ohm, 
2.5 watt resistor. These resistors can 
be made from several parallel con¬ 
nected wirewound resistors, or bought 
as a single 0.1-ohm unit. (Automotive 
electronics use such resistors under 
the name "fusistors."). This value is 
selected because it will produce a volt¬ 
age drop (according to Ohm's law) of 
E = IR = (1 Amp) x (0.1 ohm) or 0.1 
volt per ampere. This means that the 
output current is numerically the same 
as the voltage reading. For example, 
when 5 amperes are drawn, the volt¬ 
age drop across R M is 0.5 volts, or 500 
millivolts. If you buy or build a 0 to 
1.999 volt 3-1/2 digit digital panel 
meter (DPM), then the reading at 5 
amperes would be "5.00.'' Thus, we 
can monitor current down to steps of 
10mA (example: "2.45 V" corresponds 
to 2.45 amperes). Turn off or other¬ 
wise delete the "V" label on the meter, 
however. 

conclusion 

The project above is a nearly ideal 
bench power supply for almost all elec¬ 
tronic hobbyists — hams, computer 
enthusiasts and general electronic 
hobbyists alike. It will provide voltages 
up to 15 VDC at currents up to 5 
amperes and also be set to T 5.00 volts 
to power digital projects up to 5 
amperes. The dual polarity is more 
than enough for all but the most 
demanding (and large) projects. Yet 
it's duck soup to build! 

ham radio 



GUS BROWNING, W4BPD’s 

DX’ERS MAGAZINE 

For over 17 years, Gus’s DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely, 
pertinent information on when and where to find 
those elusive DX stations. 

Gus’s personable, chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14 00 
USA. Canada & Mexico. 

Gus also prints high quality QSLs and other related items. 
Write today for a free sample of his QSLs and DX'ERS MAGAZINE. 

Gus Browning, W4BPD • P0 Drawer 405 • Cordova, SC 29039 










ham radio 


TECHNIQUES 


more on the G5RV 
antenna 

Although the G5RV multiband wire 
antenna has been popular overseas for 
some years, it's not well known in this 
country. But I've written about it occa¬ 
sionally in this column, and from the 
feedback I get in my mail, interest in 
this antenna appears to be growing. 
And why not? It's an inexpensive 
antenna that allows operation on more 
than one Amateur band without the 
necessity of using an auxiliary antenna 
tuner. 

The basic antenna, popularized 
some years ago by R.L. Varney, 
G5RV, is shown in fig. 1. The design 
covers 7, 14, and 28 MHz, supposedly 
with a low value of SWR on each 
band, and is fed with a 75-ohm coax 
line. In practice, the measured SWR 
on the line is below 1.5:1 at the low 
frequency ends of the 10- and 
20-meter bands, but is quite high 
across the 40 meter band. 

Since most ham equipment is stan¬ 
dardized on a 50-ohm transmission 
line, the G5RV design provides less 
than optimum performance when this 
coax is used for the feeder. 

In 1981, W5ANB designed a modi¬ 
fied version of the G5RV antenna 2 that 
provided good performance on the 7, 
18, and 28 MHz bands when fed with 
a 50-ohm transmission line (fig. 2!. 
Because the 18 MHz band is, as of this 
writing, not yet open to Amateur com¬ 
munications, the W5ANB antenna is 
useful only on the 7- and 28-MHz 
bands. Even so, this design demon¬ 
strates that changing the antenna 
dimensions moves the SWR response 
curve between various Amateur 
bands. 

There the matter rested until Brian 
Austin, ZS6BKW, derived a computer 


program for the G5RV antenna that 
permits the designer to vary the 
antenna parameters and observe the 
results. The starting point of his inves¬ 
tigation was the G5RV and the 
W5ANB models. Brian experimented 
with various modifications of these 



fig. 1. The original G5RV multiband 
antenna. 



fig. 2. The W5ANB version of the G5RV 
antenna. 


designs and tested his results on a 
model antenna range. The experi¬ 
ments eventually provided a G5RV- 
type antenna that produced a better 
impedance match to a 50-ohm line on 
various bands than did either of the 
two earlier designs. 

the ZS6BKW multiband 
antenna design 

Dimensions for the ZS6BKW 
antenna design are shown in fig. 3. 


The antenna is fed with a 50-ohm coax 
line and provides a good match to it 
on the 7, 14, 18, 24, and 28 MHz 
bands. Only the 21 MHz band is omit¬ 
ted. The respective SWR curves for 
this antenna are shown in fig. 4. 

This design looks like the long- 
sought-after multiband antenna, but 
note that the two-wire transformer 
section must be built using 400-ohm 
line. Unfortunately, this line is not 
commercially available, although a 
home-made line can be built from No. 
14 gauge wire spaced 0.9 inch (22.8 
millimeters) between centers. Alterna¬ 
tively, a commercial 450-ohm ladder 
line with a polyethelene dielectric may 
be used. This oversized line has holes 
punched in the insulating web and the 
impedance is close enough to the 
desired value to provide satisfactory 
operation.* 

Although the design doesn't call for 
it, I believe it's a good idea to a place 
1:1 balun at the junction of the coax 
line and the two-wire transformer sec¬ 
tion. Alternatively, the coax can be 
wound into an RF choke coil to sup¬ 
press unwanted antenna currents from 
travelling down the outside of the 
outer shield of the line. Four turns of 
line wound into a coil whose diameter 
is about 15 times the diameter of the 
cable will suffice. 

the ZS6BKW antenna using 
300-ohm line 

Brian, ZS6BKW, determined from 
his computer program that by chang¬ 
ing the lengths of the antenna sec¬ 
tions, the design could be modified to 
use a 300 ohm line for the two-wire 
transformer. This line is universally 


"Saxton No. 1562 line (450 ohms), manufactured by 
Saxton Products, 215 North Route 303, Congers, New 
York 10920. 
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fig. 3. Physical dimensions for ZS6BKW 
multiband antenna. For 300 ohms line, 
use lower dimensions (*). 



available. The SWR curves for the var¬ 
ious bands for this antenna are very 
close to those shown in fig. 4. This 
modified version seems to be the inex¬ 
pensive, five-band wire antenna 
desired for many years by radio 
Amateurs! 

building the ZS6BKW 
multiband antenna 

A complete set of physical dimen¬ 
sions for the ZS6BKW antenna is 


given in fig. 3. It's easy to construct. 
Just string the flat top out between 
two supports and attach the transmis¬ 
sion line so that it departs at right 
angles to the antenna. No special 
precautions need be observed beyond 
simply waterproofing the joint 
between the two-wire line and the 
coax line to prevent moisture from 
entering the coax. 

The SWR curves on each band are 
affected by the height of the antenna 
above ground. If you want to alter the 
shape of the SWR curve on a particu¬ 
lar band, you can change the 
antenna's elevation — but remember 
that if you do this, the SWR curves for 
the other bands will also change. The 
best SWR curves for all bands were 
found at an antenna elevation of about 
42 feet (13 meters) above ground, 
although good results were obtained 
with the antenna as low as 23 feet (7 
meters). 

Tests were run on the ZS6BKW 
antenna configured as an inverted-V. 
The apex of the V was 40 feet (12 
meters) high. When the angle between 
the wires was lowered from 180 
degrees to 90 degrees, it was found 
that the resonant frequency dropped 
about 80 kHz in the 14 MHz band and 
about 125 kHz in the 24 and 28 MHz 
bands. This was thought to be due to 
the additional capacitance between 
the ends of the antenna and ground. 

the RF light bulb revisited 

In my October, 1985, column, I 
spoke about the QRM-possibilities of 
the RF-actuated light bulb and voiced 
the hope that "some enterprising 
Radio Amateurs would have appropri¬ 
ate facilities at hand to examine RF 
light bulbs." 

The investigation had been taken up 
by the ARRL, which ran extensive 
tests on the bulbs and filed comments 
with the FCC on Docket 83-806, which 
concerns the regulations that may be 
required for these devices. 

Paul Rinaldo, W4RI, Editor of QST, 
forwarded a copy of the ARRL filing 
to me. The extensive tests indicated 
that with a typical American Phillips 
SL-18 lamp, "... interference may be 


expected in residential environments 
from RF lighting devices to broadcast 
band receivers and, to varying extents, 
HF receivers when the antenna is 
located near the bulb. However, the 
RF noise emanating from the test lamp 
was insufficient to cause interference 
to a typical Amateur Radio station with 
outside antennas if the lamp is inside 
or located in an adjoining residence." 

The report continues, "From the 
point of view of interference potential 
to Amateur Radio stations, the League 
believes it both necessary and suffi¬ 
cient for the Commission to require 
labelling of each RF light bulb to pro¬ 
vide user information to educate con¬ 
sumers and users about interference 
potential to radio receivers .... This 
is important not only from the point of 
view of the licensed Amateur who 
might purchase a bulb for his own use 
but also to insure that the neighbor of 
a licensed Amateur who suffers inter¬ 
ference to a broadcast receiver from an 
RF light bulb does not wrongfully 
blame the Amateur for "causing" the 
interference." 

good show, ARRL! 

However, the battle over the RF 
light bulb continues. In the fall of 1985, 
the FCC relaxed certain regulations 
governing the use, marketing, and cer¬ 
tification of RF lighting devices and 
ISM (industrial-scientific-medical) 
devices, all of which broadcasters 
claim will interfere with AM reception. 3 
National Association of Broadcasters 
(NAB) Staff Engineer Michael Rau 
stated that the relaxed rules makes AM 
reception "especially vulnerable" 
because they do not address interfer¬ 
ence experienced below 30MHz. 

A battle seems to be brewing 
between the NAB, which represents 
broadcasters, and the NEMA (National 
Electrical Manufacturers Association), 
which states that the FCC is being 
"very realistic in its simplification of 
administrative responsibilities and cer¬ 
tification laws involving the marketing 
of RF lighting devices." 

So there you are. The NAB and the 
NEMA are both pulling and hauling on 
the FCC with regard to regulations 
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concerning certification of ISM equip¬ 
ment and the residential use of con¬ 
sumer RF devices that might cause 
radio interference. The outcome of this 
interplay of forces will probably affect 
Amateur Radio in the future. 

CW and all that 

I've noticed a great improvement in 
CW operation on the 20-meter band 
during the past few decades. The elec¬ 
tronic key and the keyboard have 
produced some high-class signals 
whizzing along at 30 to 40 WPM. In 
general, the average code speed has 
increased greatly over that used by 
Amateurs in the past. 

When I first operated 20 meters in 
the late 1930's, there were a few speed 
merchants on the air, but most 
Amateurs plodded at 8 to 10 WPM. 
Why were communications so slow in 
those bygone days? Because Amateur 
Radio was much less sophisticated 
then —and a good bug key cost the 
equivalent of two weeks' wages! The 
hand key was king. 

But code champions existed then, 
too. Code speed contests at the larger 
Amateur Radio conventions were 
popular. 

Copying high speed code by pencil 
or typewriter was an art, as the follow¬ 
ing story of a high speed CW contest 
as seen through the eyes of one con¬ 
testant, taken from the November, 
1933, issue of QST, suggests. The con¬ 
test started out at 8 WPM and the 
code speed was gradually increased by 
5 WPM each minute until only one 
contestant was left .... 

At 8 words a minute, you sit back 
and twiddle your thumbs, you yawn, 
and wish to heaven that the "lid" 
would get off the air. At 15, you take 
up your pencil and leisurely jot the stuff 
down on a piece of paper. At 20, you 
see the first signs of life. For a minute 
or two you sit back and copy, and 
then, on second thought, you hitch 
your chair forward a bit and straighten 
the paper. At 25, you quit 'laying 
behindyou decide to close the gap 
until you are about a word behind the 
sender. Not so bad, now. At 30, the 
fun begins. You can read it all right. 


but the pencil seems to be getting a 
little sluggish — better make a grab for 
a "mill." At 35, you begin for the first 
time to think about errors: "How many 
am / allowed on a 5-minutes' run of 
this? At 40, it gets hotter, and darn 
suddenly, too. The last 5 words a 
minute have more mustard on them, 
it seems, than the first 30. You are 
holding your own with many a crack 
commercial radio or telegraph opera¬ 
tor now. You quit worrying about sin¬ 
gle wrong letters and start hoping you 
can put a typewritten line down 
without leaving a word out. At 45, the 
jig is up. You quit, but half a dozen of 
the chaps go on. You make a grab for 
the transcription {if a judge) and by 
dint of much mental agility you may 
contrive to "follow" the transmission, 
but you are glad you are no longer try¬ 
ing to put it down on the typewriter. 
At 50 words a minute, the dots and 
dashes get blurred and jumbled. The 
letter 0, instead of being designated 
by three ordinary dashes, comes 
through as one dash, and that one 
exceptionally staccato. The common 
"and’s" and " the's " whiz by undeci¬ 
phered. At 55, it is just a lot of static 
— no sense now in trying to hear any¬ 
thing .... 

todays speed merchants 

It seems that 40- or 50-WPM QSOs 
can be heard daily on most of the 
Amateur bands. The keybord and the 
code reader have made great strides 
for Amateur communication. But how 
many hams can copy 45 WPM on a 
"mill?" I know a few that can, and 
there must be others. I also know a 
handful of old-time Amateurs who can 
copy up to 100 WPM in their head! 
Now, that’s CW ability! 

What is the world's CW speed 
record today? I don't believe 1 know. 
Does anybody out there know? 
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reflector antennas: 
part II 

Last month's column dealt primar¬ 
ily with the electrical and mechanical 
considerations for designing a para¬ 
bolic dish type of antenna. Various 
design tradeoffs were discussed, espe¬ 
cially in regard to choosing the proper 
f/d (focal length to diameter ratio). 1 

This month's column will continue 
in the same vein, with last month's 
material to be repeated only as 
required. Emphasis will instead be 
placed on additional considerations, 
recommended feed systems, and 
some typical construction techniques. 
You should then be able to build your 
own parabolic dish or design a feed 
system for an existing dish and place 
it in service. 

other parameters 

Last month's column emphasized 
the f/d ratio and the comparatively low 
efficiency 50-60 percent of the operat¬ 
ing parabolic dish antenna, but the 
apparent disparity between 50-60 per¬ 
cent and the efficiencies shown in 
table 2 were not explained. The rea¬ 
son for the disparity is that there are 
other factors that must be considered 
when calculating efficiency. So as not 
to be chided for passing over the sub¬ 
ject too lightly. I'll briefly discuss some 
of these parameters here. 

As discussed last month, aperture 
illumination and spillover are not the 
only factors that reduce the efficiency 
of a parabolic dish type of antenna. 


Other losses include but are not limited 
to structural imperfections, reflector 
surface accuracy, reflector porosity, 
polarization errors, and feed system 
blockage, among others. 

It should go without saying that the 
shape of the reflector must follow a 
parabolic taper throughout its surface. 
Any departure from a true parabolic 
curve causes random phase errors 
which decrease performance. This 
includes the supporting ribs and the 
reflector surface tolerance and has 
been covered extensively in the liter¬ 
ature. 2 

It should also be mentioned that the 
required accuracy of the parabolic 


curve is a function of the f/d ratio of 
this dish; f/d ratios greater than 0.45 
require tighter tolerances than those 
under 0.45. As rule of thumb, the 
mechanical tolerances of the reflector 
should be held to 0.05 wavelength, 
with a maximum of 0.1 wavelength at 
the highest frequency of operation. 
This suggests a tolerance of 0.5 inches 
(1.3 cm) for the 1296 MHz (23 cm) 
band. Typically the reflector tolerances 
for a well constructed reflector should 
add up to a loss of only about 0.2 dB. 

The reflector has another form of 
loss due to the porosity of the surface. 
If the reflector isn't made of solid 
material, some of the energy imping- 


o 



fig. 1. Typical E and H patterns of a splasher or reflector/driven element type feed as 
described in the text. Note the considerable difference between each plane's 
beamwidth. 
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ing on the surface will pass through it. 
This is a function of the largest dimen¬ 
sion of the holes and the diameter of 
the wire in the screen. As a rule of 
thumb, the losses due to a typical 
mesh type of reflector will be 0.3 to 0.5 
dB when the largest dimension across 
the mesh is about 0.1 wavelength at 
the frequency of operation. 3 There¬ 
fore, 1 inch (2.54 cm) diameter chicken 
wire screen should not be used above 
23 cm. 

Polarization errors are caused by the 
type of feed and the f/d ratio of the 
dish. Lower f/d ratio (0.25 to 0.4) 
designs have greater cross polarization 
losses than higher f/d ratio (0.45 to 
0.6) dishes. The additional loss due to 
polarization is typically 0.15 to 0.2 dB. 

Another factor to be considered is 
aperture blockage, which is affected 
by the size of the feed as well as the 
feed holding structure. Intuitively, the 
larger the feed structure, the larger the 
aperture blockage and the lower the 
gain. Often Amateurs fail to recognize 
that the feed supporting structure also 
contributes to aperture blockage. 

The total aperture blockage can be 
determined by adding up the cross 
sectional area of the feed and support¬ 
ing structure and comparing it to the 
overall surface area of the dish using 
the following equation 3 : 


L = 10 log [ 1 ~ 2 ( f-) 2 

where L is loss in dB, B is the aperture 
blockage area and A is the area of the 
dish with both A and B in the same 
unit of measure. For example, a 
20-foot (6.1-meter) diameter dish has 
an area of 314 square feet (29.2 square 
meters). If the total aperture blockage 
due to feed and supports is 5.75 square 
feet (0.534 square meters), the degra¬ 
dation will be approximately 0.32 dB. 

The losses due to these factors will 
be approximately 1 to 2 dB, depend¬ 
ing upon how well the dish is designed 
and built. Adding this to the approxi¬ 
mately 1 dB of illumination taper dis¬ 
cussed in reference 1 yields a 2 to 3 dB 
typical loss versus the total aperture of 
the dish. Therefore a typically well 
constructed parabolic dish has only 50 
to 60 percent efficiency based on its 
physical aperture. 11 

feed systems 

Ironically, the feed system becomes 
the most important item in the design 
of a parabolic dish type of antenna. 
This is true even if you can build a per¬ 
fect reflector with no deviation from a 
true parabolic taper, since you still 
must illuminate the dish properly for 
maximum efficiency. 


Let's reiterate what's required of the 
feed system. First, it must provide the 
proper taper at the rim of the dish. 
Hence the RF level of the feed must 
be down approximately 10 dB at the 
rim of the dish from the level at the 
center of the dish. 5 Also remember 
that the space attenuation at the rim 
of the dish, because of the angle off 
boresight, increases the feed pattern 
taper and must be considered as 
shown in fig. 7 of reference 1. 

Next, the feed system should have a 
clean lobe-free pattern that's relatively 
symmetrical in both E and H planes. A 
10 percent difference between E and H 
beamwidth is acceptable. Also remem¬ 
ber that most feeds are not circularly 
symmetrical, even though the para¬ 
bolic dish is! Hence, there's further 
mismatch. If you desire to use circu¬ 
lar polarization for OSCAR or EME 
operation, the feed design is even 
more critical. 

A simple feed pattern is shown in 
fig. 1. This is the pattern for a typical 
dipole with a reflector that's often 
referred to as a “splasher" or dipole- 
disc feed, which used to be one of the 
most popular feed systems. 

Note that the beamwidths in the E 
and H planes are quite different. Since 
the beamwidths are so dissimilar, 
either the E or H plane can be opti¬ 
mized for the particular dish at the 
expense of the other plane. Hence it 
is not a recommended feed system for 
a parabolic dish type of antenna, 
except where performance is not 
critical. 

Figure 2 shows the pattern of the 
El A feed. 6 Note that it has a clean pat¬ 
tern as well as similar E and H beam- 
widths. This is the ideal combination 
for an efficient feed system. 

Finally, you have to know the taper 
of the feed in order to place the proper 
attenuation point at the rim of the dish. 
Figure 3 includes a handy graph for 
doing this. Using fig. 3 you can esti¬ 
mate the attenuation off boresight if 
you know the - 10 dB beamwidth. If 
you know the beamwidth at another 
level, it can be normalized to the 
graph. For example, if the half power 
( -3 dB) beamwidth of your feed is 
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fig. 3. This graph represents a universal pattern which can be used to estimate the 
beamwidth of a typical feed pattern if the beamwidth is known at 10 dB below the 
main beam. If the beamwidth is known at another level, it can be normalized to the 
pattern as explained in the text. 



60 degrees, the -10 dB beamwidth 
will be approximately 1.92 times this 
value (1/0.52) or 115 degrees. Con¬ 
versely, if the -10 dB beamwidth is 
120 degrees, the -3 dB beamwidth 
will be 0.52 times 120 degrees, or 62.4 
degrees. 

Let's discuss some typical parabolic 
dish feeds often used by Amateurs. 
They are (but are not limited to): the 
"splasher," the EIA reference antenna, 
and the rectangular and circular wave¬ 
guides. 

The dipole in front of a disc reflec¬ 
tor shown in fig. 4A has been around 
about as long as any type of feed as 
discussed above. 5 It's relatively simple 
to construct, has a built-in balun, and 
has a relatively small reflector, causing 
relatively little aperture blockage. 

However, the splasher type of feed 
exhibits a large difference in E and H 
plane beamwidths, typically 105 and 
165 degrees, respectively, at the - 10 
dB points. If the E plane is matched to 
the dish, the H plane will be severely 
over-illuminated. If the H plane is 
properly illuminated, the E plane will be 
under-illuminated. Consequently this 


feed system is not recommended 
except in applications where gain and 
spillover are not critical. 

The EIA feed* overcomes the short¬ 
comings of the splasher by placing 
another dipole in the H plane as shown 
in fig. 4B. This helps to equalize the 
beamwidths as shown in fig. 2. This 
type of feed is one of the most popu¬ 
lar types used on 70 cm EME. 

The rectangular waveguide or horn 
(fig. 40 is quite common in profes¬ 
sional applications. It can be designed 
to have nearly equal E and H plane 
beamwidths. However, it is usually 
large and somewhat difficult to design, 
especially on the lower frequency 
bands. It's also more difficult to design 
if circular polarization is required. Typi¬ 
cal design information is available in 
reference 7. 

Relatively easy to design and build, 8 
the cylindrical horn is often assembled 
from coffee cans or lengths of large- 
diameter tubing. Like the splasher, it 
has unequal E and H patterns. How¬ 
ever, if a "choke" collar is placed near 
the mouth of the cylinder as shown in 
fig. 4E, the external surface radiation 
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fig. 4. These are some of the represen¬ 
tative feed systems used for parabolic 
antennas. A ) splasher, B\ EIA, Cl rectan¬ 
gular waveguide/horn. D) circular wave- 
guide/horn, E] circular waveguide/horn 
with flange. F\ W2IMU dual-mode horn. 
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that causes this problem can be con¬ 
trolled. An improved circular wave¬ 
guide feed with a choke is discussed 
in references 9, 10 & 11. 

Dick Turrin, W2IMU, had patented 
a circular waveguide horn called the 
dual-mode feed.' 2 Described in ref¬ 
erence 3, it is shown in fig. 4F. The 
tapered section plus the larger diam¬ 
eter outer horn suppresses some of the 
other waveguide modes and forms 
symmetrical beamwidths as shown in 
fig. 5. This particular design is well 
suited for circular polarization on 
dishes with 0.5 to 0.6 f/d ratios and is 
presently the most widely used feed 
system on 23 cm EME. 

Other feeds that are sometimes used 
by Amateurs include two-element 
quads or circular loops' 2 and short 
Yagis.' 3 K4QIF uses a quad loop in 
front of a plane reflector, which is well 
suited for a 0.45 f/d ratio parabolic 
antenna. 

The least critical applications of 
parabolic antenna designs can use sim¬ 
ple feeds such as a splasher quads, or 
the circular (coffee can) waveguide 
feeds. Where high performance is 
required, such as on EME, the EIA dual 
dipole, circular waveguide with 
chokes, or the dual mode circular 
polarization feed horns are preferred. 


mechanical considerations 

Numerous methods can be used for 
designing and constructing parabolic 
reflector dishes. The most popular 
techniques among Amateurs are the 
rigid solid dish, the stressed dish, and 
the trussed rib designs. 

Solid surface and rigid dishes are 
very popular especially in commercial 
designs. Usually very accurate, they 
hold their shapes quite well. Many 
have perforated surfaces to allow 
some wind to pass through. However, 
the larger diameter units are usually 
very heavy — 500 to 2000 pounds (225 
to 900 kg) — and can be quite expen¬ 
sive, even on the surplus market. One 
enterprising Amateur, WB6IOM, built 
his own version using honeycomb 
material for the reflector. 14 Recently 
the TVRO industry has manufactured 
dishes using petals that are often ligh¬ 
ter in weight and less expensive than 
rigid designs. They are not always as 
strongly built as the others, but are 
usually sufficient for Amateur work 
through about 4.5 GHz. 

At one time, stressed dishes were 
quite popular since they're relatively 
easy to build. 15 ' 6 They can be tricky 
to handle and keep within tolerances 
when they exceed about 12 feet (3.7 
meters) in diameter at 23 cm or 20 feet 


(6.1 meters) at 70 cm (432 MHz). To 
overcome these shortcomings, 
Amateurs have devised ingenious guy 
wire schemes that tension the surface 
and maintain the shape. However, this 
usually isn't sufficient, especially in 
extreme climates, so some Amateurs 
have even added 1 or more sets of guy 
lines behind the dish! 

The preferred mechanical method of 
parabolic dish reflector design is the 
trussed rib type. There are many ways 
to accomplish this construction tech 
nique. Some use tubing, while others 
use angle stock. Basically this method 
is preferred, since it rigidly supports 
the rib and prevents distortion. 

Some of the trussed methods are 
shown in fig. 6. Figure 6A shows the 
angle material method used by the 
engineers at NBS. The tubing method 
shown in fig. 6B was described in 
detail by VK3ATN. 17 The method 
shown in fig. 6C recently tried for 
TVRO applications, is quite easy to use 
for high f/d ratios and is particularly 
easy to build since only one curved 
surface is required. 

The trussed rib design is recom¬ 
mended for Amateur applications. 

Regardless of the construction 
method chosen, it should be strong. 
Additional rims should be used every 
5 to 6 feet (2 meters) out from the dish 
center. Always use as many ribs as 
practical, since they increase stability 
and are likely to maintain tolerances 
more easily, especially on the reflector 
material. Twelve to 16 ribs should be 
a minimum, with 20 or more on the 
larger diameter dishes (i.e., those 
measuring over 20 feet or 6 meters). 
They should be attached to a large 
strong hub structure at the center of 
the dish. 

feed mounting 
considerations 

As mentioned, the feed size and 
weight are important. This is especially 
true on larger diameter dishes with a 
high f/d ratio, since the feed will have 
to be mounted very far from the reflec¬ 
tor. This again emphasizes the need 
for a moderate size feed system that's 
as light as possible. 


March 1386 (29 73 



On small dishes with low f/d ratios, 
the feed can be mounted on a pipe or 
an arm with a "goose necked" shape. 
This is often found on commercial 
installations where the feed is inte¬ 
grated with a waveguide that also sup¬ 
ports the feed system. In either case, 
some support or guying structure 
should be provided to hold the feed 
relatively close to its designated rest¬ 
ing place and keep it firmly in place. 

Probably the most common Ama¬ 
teur construction technique uses a tri¬ 
pod or quadpod mount to hold the 
feed system. In either case, adequate 
supporting structure is required behind 
the reflector to hold these supporting 
poles firmly in place. Failure to do so 
will incur unacceptable droop in the 
feed system. EMEers may also want to 
mount relays and a preamplifier behind 
the feed, which is an additional stress 
on the feed holding structure. 

The feed mounting is an area that 
requires much forethought before the 
reflector is constructed. The distance 
from the feed to the reflector should 
be able to be moved in or out as well 
as up and down slightly for proper 
alignment, as will be discussed shortly. 
Don't forget that the support mechan¬ 
isms also reduce the overall antenna 
gain by blocking the reflected signal. 

phase center 

One thing I didn't mention previ¬ 
ously was the importance and use of 
the focal point. The calculated focal 
point of a parabolic antenna is where 
the phase center of the feed should be 
located. The phase center of a feed is 
the point from which the signal 
appears to emanate. Although it's not 
easily determined, it can be "guessti¬ 
mated" with sufficient accuracy. 

The phase center of the dual-dipole 
feed or a Yagi antenna is located near 
the front of the structure as shown in 
figs. 7A and 7B. The phase center of 
a horn is usually located a few 
inches/centimeters just inside the 
open end of a horn, and can be esti¬ 
mated using simple geometry as 
shown on fig. 7C, assuming that the 
angle shown is the same as the sub¬ 



tended angle of the dish being fed (see 
ref. 1, fig. 6). 

One feed system that I didn't men¬ 
tion previously is the log periodic array 
(LPA). It would appear at first glance 
to be a super feed, especially if wide 
bandwidth or several Amateur bands 
are to be covered. 

However, in the LPA, the phase 
center is a function of frequency. 
Therefore, every time you vary fre¬ 
quency up or down, the phase center 
moves inversely. As a result, an LPA 
feed would be optimally matched to 
the reflector at one frequency only, a 
compromise that most Amateurs are 
unwilling to make. Furthermore, the E 
and H plane beamwidths of most LPA 
designs are usually quite dissimilar and 
therefore are not optimum, as dis¬ 
cussed earlier. 


Finally, the placement of the feed at 
the focal point is of only secondary 
importance. If the feed is located either 
too close or too far from the reflector, 
the gain may decrease slightly. If the 
feed is misaligned or skewed off axis, 
the main beam of the dish will shift 
slightly. This is normally not of great 
importance as long as the dish is 
moved an appropriate number of 
degrees one way or the other to com¬ 
pensate for any misalignment. 

reflector design 

So far the reflector has been men¬ 
tioned only in passing. It's very impor¬ 
tant because even if the structure were 
sufficiently strong and mechanically 
perfect, a rough or distorted reflector 
surface could produce less gain. 

As mentioned earlier, if any form of 
mesh or screen such as hardware cloth 
or chicken wire is used for the reflec¬ 
tor, the hole size must be considered 
according to the frequency of opera¬ 
tion, as previously discussed. One-inch 
(2.54 cm) chicken wire is often used 
through 23 cm. You can always 
upgrade the reflector later by replac¬ 
ing the screen with a mesh with 
smaller holes or by simply laying new 
mesh over the older mesh. This tech¬ 
nique can be extended to just cover¬ 
ing the inner portion of the reflector 
where most of the signal is concen¬ 
trated. 

The conductivity of the reflector sur¬ 
face is not overly important because 
the mesh is operating in a relatively 
high impedance (377-ohm) environ¬ 
ment. Galvanized mesh is recom¬ 
mended. Rust won't necessarily affect 
performance unless the porosity of the 
surface begins to deteriorate. In fact, 
some experts say that a rusty mesh will 
have to virtually fall apart before it 
stops acting as a good reflector! 

The rigidity of a mesh reflector must 
be such that it won't sag. This is par¬ 
tially a function of the number of ribs 
and supports. If there are too few ribs 
or supports, the mesh will have less 
support and hence be more likely to 
vary from the true parabolic shape. 

A few other pointers are in order. 
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The mesh used for the reflector is nor¬ 
mally purchased in rolls and must be 
formed to the parabolic shape. 
Depending on the size and placement 
of the mesh, it may be better to cut 
it up into smaller pie-shaped pieces 
and overlap each section, preferably at 
the ribs. The mesh should be tied off 



at numerous points on the ribs. Over¬ 
lap is recommended. It should, if pos¬ 
sible, be up to one quarter wavelength 
at the lowest frequency of operation 3 . 
Ohmic contact is not required. 

Some individuals have attempted to 
improve performance by extending the 
reflector without changing the feed 
system. This can be quite counter¬ 
productive, especially if the reflector 
geometry doesn't exactly follow the 
parabolic curve. If the reflector is 
extended, the feed pattern must be 
widened accordingly. This is some¬ 
times done when a person decides at 
a later date to extend a dish that is too 
small — but it can only be done if the 
feed is redesigned, too. 

DickTurrin, W2IMU, has suggested 
that a different tactic is more applica- 
ble. ,a If you're tempted to extend the 
reflector without changing the feed, 
then the reflector extension should be 
bent away at a right angle to the pres¬ 
ent reflector. In effect, this will deflect 
extraneous signals away instead of 
possibly bringing them in with 
improper phasing, thereby introducing 
noise pick or decreasing performance. 

designing a parabolic dish 
antenna 

We finally have most of the param¬ 
eters in place, so let's get on with the 
design. First select the diameter of the 
reflector to be built. In order to do this, 
you must first determine the desired 
gain. Then consult the gain equations 
and/or fig. 2 in reference 1 to deter¬ 
mine the minimum diameter of the 
reflector. 

Always choose a reflector diameter 
that will guarantee the desired gain. Err 
slightly on the larger diameter side to 
be sure y our gain objectives will be 
met, but don't go overboard or the 
antenna will cover your entire back¬ 
yard! Remember that every time you 
double the reflector diameter, the 
mechanical problems will at least 
quadruple! 

Also reniember that even if you can 
build the dish, you still have to place 
it on a mast and tower so you can 
rotate it! Furthermore, the reflector 
and feed mounting must be sufficiently 


rigid so that none of the mechanical 
dimensions change, either from varia¬ 
tions in weather (temperature, wind, 
ice, etc.) or when the position of the 
antenna is rotated in either the 
azimuthal or elevation plane! 

Before you can design the reflector, 
you must first decide which feed you 
will be using. Let’s assume that you 
choose to use the EIA dual-dipole feed 
system. It will be necessary to deter¬ 
mine the optimum f/d ratio for this 
feed. 

Let's start by deciding that an f/d 
ratio of 0.5 is desired, as previously 
suggested. Figure 6 in reference 1 
shows that the subtended angle for a 
dish with an f/d ratio of 0.5 is approx¬ 
imately 106 degrees. Next determine 
the "space attenuation" at the rim of 
the reflector by consulting fig. 7 in 
reference 1. We see that the edge 
taper for 53 degrees (one-half the sub¬ 
tended angle) is approximately 2 dB. 

Next examine the pattern of the EIA 
feed in fig. 2 of this month's column. 
At a beamwidth of ± 53 degrees, the 
E plane beamwidth is down approxi¬ 
mately 10 dB. This is not a great match 
for an f/d ratio of 0.5 since 10 dB plus 
the 2 dB edge taper adds up to 12 dB 
edge illumination, not the recom¬ 
mended 10 dB per reference 1. 

An iterative procedure can be used 
if the 10 dB edge taper is not attained 
on the first try. At an f/d ratio of 0.55, 
the edge taper is approximately 1.8 dB 
at 50 degrees. At 50 degrees off bore- 
sight, the EIA pattern is approximately 
8 dB below the main beam for a 10 dB 
total. This is a better choice for this 
feed system. However, any f/d ratio 
between 0.5 and 0.55 would probably 
be satisfactory for the ElA-type feed 
system. 

You may have noticed that the H 
plane beamwidth of the EIA feed is 
narrower than the E plane, but this not 
be a significant problem, as discussed 
in reference 1. The overall gain will 
only be slightly less than the desired 
value because of under-illumination, 
but this is better than over-illumination! 

For those interested in other feed 
systems, the W2IMU dual-mode horn 
is near optimum for an f/d ratio of 0.6. 
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You can determine this as we just did 
for the EIA feed by examining the pat¬ 
tern on fig. 5. Most of the circular 
horns in reference 9 are applicable for 
low (less than 0.5) f/d ratios. 

evaluation of performance 

The antenna evaluation methods 
mentioned in reference 6 are quite 
applicable to evaluating the perfor¬ 
mance of a parabolic dish type of 
antenna. The primary things to check 
are the beamwidth and the level of the 
first sidelobes. They should be close to 
the values shown on fig. 3 and table 
2 in reference 1. 

One other parameter, quite predom¬ 
inant in this type of antenna, is the 
possibility of skewing of the pattern off 
boresight. Most other types of 
antennas such as Yagis are quite 
straightforward in performance. All 
that's necessary is to look up at the 
boom and aim. 

However, as just mentioned, a shift 
of the feed system of a reflector type 
of antenna may cause the main beam 
to be skewed slightly. Therefore, when 
evaluating a dish, first peak the signal 
and check that it's in the direction indi¬ 
cated on the rotator. If not, adjust the 
positioning of the feed or the rotator 
accordingly. For EME this can best be 
done by pointing the antenna at the 
Sun and peaking for maximum Sun 
noise. 

improvements in 
performance 

Time and space do not permit 
lengthy discussion of changes and 
improvements, but I will mention some 
briefly. Radomes are possible, but they 
can cause extra wind load and other 
problems. Most Amateurs simply stow 
their antennas during severe weather 
rather than risk storm damage. 

Other feed systems than those 
described in this column will undoubt¬ 
edly work, as long as they match the 
requirements outlined above. Like¬ 
wise, new mechanical structures may 
be devised. Other variations may also 
be applicable if they meet the criteria 
presented here — for example, the use 
of an offset feed system. 18 


summary 

The intent of this two-part series 
was to better acquaint the reader with 
the various aspects of designing a 
reflector type of antenna. Limitations 
of time and space, however, allowed 
us only to scrape the surface of para¬ 
bolic dish antenna design. 

As I stated earlier, the field of reflec¬ 
tor antenna design is constantly being 
developed. Material is frequently being 
published on the subject and improve¬ 
ments are still being made. The 
greatest areas of improvement are in 
efficiency and low noise pickup. These 
improvements frequently require spe¬ 
cial feed designs, secondary reflectors 
or offset feed systems, considerations 
which are presently out of the reach 
of the typical Amateur. We can only 
hope that some day many of these 
improvements will be more easily 
adapted by Amateurs. 

The material presented in these two 
articles should be more than sufficient 
for use in the design and construction 
of a good parabolic dish antenna. Build 
a strong structure, but keep weight 
down whenever possible. Use more 
ribs and inner rims than may initially 
appear to be necessary. Study the 
references cited. The rest is up to you. 
Good luck! 
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important VHF/UHF events: 

March 1: EME perigee 

March 21: TE propagation optimum ±2 
weeks 

March 28: EME perigee 

ApriM4: ARRL 144-MHz Sprint contest 

April 22: ARRL 220-MHz Sprint contest 

April 25-27: Dayton Hamvention 

April 30: ARRL 432-MHz Sprint contest 
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converting mobile 
microphones for 
handheld VHF 
transceivers 

Many Amateurs purchase hand-held transceivers 
and use them for both portable and mobile operation. 
By adding additional external antennas, power ampli¬ 
fiers, speakers, and such, performance comparable to 
larger mobile rigs can be approached. Handheld units 
are considerably larger than mobile microphones, how¬ 
ever, and can be inconvenient to use while driving. 
This is especially true when antenna cords, power 
cords, and speaker cords all run from different con¬ 
nectors on the handheld unit. Realizing this, manufac¬ 
turers make special accessory microphones available; 
this article shows how to adapt readily available micro¬ 
phones — perhaps those already on hand — for mobile 
use at a considerable savings. 

Most VHF rigs, including the popular ICOM 2A, 
have a single jack for an external microphone. When 
a suitable DC current is drawn from this connection, 
the transmitter is activated and an audio signal is ap¬ 
plied to this same line. Thus, a microphone with a bias 
current is used to both turn on the transmitter and 
deliver audio. 

The bias current is usually less than a milliamp and 
the available voltage will be about 3 volts (see fig. 1). 
The input impedance is then on the order of a few 
thousand ohms. Table 1 outlines the measured 
characteristics of an ICOM 2AT. 


By Edward A. Richley, KD8KZ, Bldg. 7, 
Apt. 201,41 High Point Circle South, Naples, 
Florida 33940, and Frank M. Caimi, 
WB3JCC, P.O. Box 650163, Vero Beach, 
Florida 32965 


EXTERNAL MICROPHONE 


HANDHELD TRANSCEIVER 



fig. 1. General external microphone connections. 


table 1. Terminal characteristics of IC-2AT microphone 
input. 

voltage 

current 

5.5 

0* 

4.1 

74 nA 

4.0 

103 /iA 

3.5 

"Unit does not transmit. 

270 m A 


Many high quality mobile microphones are availa¬ 
ble on the surplus market and at hamfests these days. 
Because they're often intended for a particular piece 
of commercial radio equipment, they may have elec¬ 
trical requirements that differ significantly from those 
outlined above. For example, flea markets have seen 
a flood of the Shure Brothers Model EM33G11 with 
a General Electric Label. This is a very comfortable, 
solid little microphone, complete with a Velcro® pad 
on the back (see fig. 2). Unfortunately, it's a dynam¬ 
ic microphone with very low impedances and a single 
switch contact. A variety of ceramic microphones, 
with extremely high output impedance, are also avail¬ 
able for next to nothing (see fig. 3). We'll show how 
to modify both types at minimal cost — and in a single 
evening. 

dynamic microphone modifications 

A dynamic microphone is basically a low-impedance 
speaker operated as a microphone. The voltage out¬ 
put from such a microphone is only a millivolt or so. 
This must be raised to 100 mV into a load of a few 
thousand ohms for an adequate audio level. For this 
purpose, a small audio transformer could be used; this 
approach will work, but such transformers are quite 
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fig. 2. Dynamic microphone with modifications. 


rare and don’t allow for additional gain. For this rea¬ 
son, a solid-state approach has been selected and used 
with excellent results. 

With a dynamic microphone, it's also possible to in¬ 
clude a speaker/microphone in the same unit. The 
Shure EM33G11, for example, has only a single, nor¬ 
mally open switch contact. This is sufficient for speak¬ 
er/mike operation using the circuit shown in fig. 4. 
In this circuit, Q1 acts as a grounded-base amplifier 
with very low input impedance and adequate gain. 
Switch SI is the push-to-talk button and serves to 
connect the amplifier as a load to the microphone in¬ 
put. When SI is open, the dynamic element is con¬ 
nected as a speaker. When SI is closed, enough bias 
current flows through Q1 to turn on the transmitter. 
Cl serves as a bypass to effectively ground the base 
to audio signals. C2 serves to ensure that radiated 
power does not cut off 01. R2 affects the microphone 
gain and may need to be adjusted. The selection of 


fig, 3. Ceramic microphone with modifications. 


Q1 should be made so that sufficient gain is available 
with only 1 mA of collector current. This choice is 
somewhat critical because the bias current is below 
1 mA. Type 2N930 has a minimum hf e of 150 at 1 mA 
and is commonly available. The 820 kilohm bias resis¬ 
tor creates about 550 /iA of bias current to turn on the 
transmitter. Slight adjustment of this value may be 
necessary with different devices, h^ is the input 
impedance in a common base configuration and is 
specified for the 2N930 as 25-32 ohms. This provides 
a slight mismatch to the 8-ohm dynamic microphone, 
but the gain of the device more than makes up for the 
difference. Furthermore, the output impedance of this 
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device is at least 1 Megohm (h 0 b <1 jtmho), so that 
an expression for the voltage gain is: 

A V = R L/(R mie + M (1) 

With no additional load beyond that of the radio 
itself, the amplifier voltage gain is about 300. Thus, 
for a 1 mV signal from the microphone, a very substan¬ 
tial 300 mV will be available at the microphone input 
terminals. This was found to be more than adequate 
gain, and a further load of 3 kilohms was added in the 
form of R2. 

The entire circuit of fig. 4 can be built into the 
microphone body. The area between the speaker 
magnet and the shielding ring is more than adequate. 
Be sure to run the shielded lead of the cord from the 


amplifier output; this helps to reduce RF feedback. To 
make the dual phone plug connector at the radio, be 
sure to first make all cable connections to the plugs. 
(This is very important because once the two plugs 
are glued in place, there is no way to re-wire them). 
Then insert both plugs in their appropriate jacks and 
carefully fill the space between with epoxy to provide 
proper positioning. Let the epoxy set overnight. Be 
careful to not glue the plugs to the radio\ When the 
glue has hardened, both plugs can be removed 
together as one dual unit. 

ceramic microphone modification 

Ceramic microphones operate on a completely dif¬ 
ferent principle. In operation, sound pressure waves 
cause minute movement of a diaphragm which is 
mechanically coupled to a piezoelectric material. In¬ 
duced mechanical stresses result in accumulation or 
depletion of charge between electrodes deposited on 
the material. Because the associated capacitance is 
relatively small, substantial voltages (typically as high 
as 100 mV) can be produced in proportion to the sound 
pressure input. Unlike the dynamic microphone, very 
little current is available for driving the load impedance 
since charge equalization between the electrodes re¬ 
quires relatively few electrons. Ceramic microphones 
are therefore very high impedance devices. 

The design of an amplifier required to drive the 
transmitter input must take into consideration the 
microphone impedance, the load impedance, and 
whatever voltage gain is required to produce sufficient 
audio level. The ceramic microphone we used was a 
Johnson CB microphone purchased at a flea market 
for less than $3.00. Using an RMS-reading voltmeter, 
we determined an average output level of 35 mV into 
a 300 kilohm load. Since 250 mV RMS is the desirable 
input voltage to the IC-2AT, the required voltage gain 
for the proposed amplifier is 250 mV/35 mV = 7 or 
17 dB. 

Typical single-stage high input impedance amplifiers 
utilizing FETs can achieve the required gain. Voltage 
gain for the circuit shown in fig. 5 is given by Ay = 
g m R|_ where g m is the FET transconductance at oper¬ 
ating current and R|_ is the AC load resistance. 

Several trade-offs result when designing for high 
gain using the fixed load resistance of the ICOM. The 
AC load resistance (R-mput = TO kilohm) is approxi¬ 
mately equal to the series/parallel combination of R52, 
R51, R55, R56, R57, and the base-emitter characteris¬ 
tic of Q23 (as indicated in the ICOM schematic pro¬ 
vided with the 2AT), while the DC resistance is given 
by the data of table 1 . A voltage margin at the FET 
drain sufficient to accommodate the amplified output 
signal requires a quiescent drain voltage several 
hundred millivolts below the supply voltage. As shown 
in table 1 the open circuit supply voltage is 5 volts; 
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moreover, the unit will not transmit without a mini¬ 
mum current being drawn. As a consequence, the qui¬ 
escent drain voltage must be several hundred millivolts 
below approximately 4 volts. A suitable operating point 
was chosen as Vq = 3.5 V, Id = 270 fiA. 

These requirements pose a very severe set of con¬ 
straints for the FET. The main problem is that a FET 
with a very low cut-off Vqs must be chosen. Very few 
FETs have a value of loss below 1 mA. This is the 
maximum drain current that can be drawn. Thus, in 
our application, the device will have to be operated 
near cut-off. By writing a simple loop equation for the 
FET circuit, the constraint on cut-off voltage becomes 
clear: 

v gs + v ds + Id * r dc - 5 V 

or 

Vos <5V - I D . Roc = 3.5 V 

The FET must have a Vqs cut-off of less than 3.5 
volts. A 2N4338 (or equivalent) meets this specifica¬ 
tion albeit with a lower transconductance than FETs 
with higher Vqs cut-off. The available transconduc¬ 
tance is lowered further by operation at the 270 pA 
bias current available at the microphone terminals. 
Specified gate-to-source voltages, Vqs between 0 to 
- 0.25 volt, yield a transconductance of 800 micro¬ 
siemens for the desired operating conditions. Thus, 
the available voltage gain is given by 800 microsiemens 
x 10 kilohm = 8. Surprisingly, this meets the minimum 
design requirement previously specified for gain and 
provides adequate margin for AC voltage variations 
at the drain. The source resistor value Rs is adjusted 
to provide the 270 pA bias current and depends upon 
the manufacturer's tolerance spread for the 2N4338. 
A value less than 1 kilohm is probably optimal. Some 
variation of circuit gain is expected over temperature 
extremes. 

This design proved to be operational but lacked flex¬ 
ibility of gain control and was therefore abandoned. 
In addition, most electronic junk boxes typically do not 
contain a 2N4338, and since other FETs will not func¬ 
tion adequately, an alternate, though more complex, 
design was developed. 

preferred design 

Because operational amplifiers commonly provide 
high gain, noise immunity, low distortion, and stable 
characteristics, they're often used to replace discrete 
device amplifiers. The circuit shown in fig. 6 utilizes 
a Bipolar/MOS op-amp in place of the FET of fig. 5. 
The op-amp can operate from supply voltages as low 
as 2 volts with current drain of only 350 pA and can 
therefore be powered from the ICOM microphone in¬ 
put circuitry. 

Compared to conventional op-amps, the basic prin- 


MICROPHONE CASE 



fig. 6. Versatile ceramic microphone amplifier using a 
low voltage, low power op-amp. 


ciple underlying operation of this design is uncommon. 
For this design, the op-amp quiescent current is sup¬ 
plied by the IC-2A upon closure of the PTT switch. 
Sufficient current flows to enable the transmit cir¬ 
cuitry, thereby changing the mode from receive to 
transmit. Audio signals from the microphone are 
amplified by the voltage ratio Rp/R| and appear at the 
output terminal. Only the AC portion of this signal 
flows in the load resistor R A . The AC load current 
must, in turn, appear superimposed on the DC supply 
current. It is this AC power supply current that flows 
in the ICOM microphone circuit and causes modula¬ 
tion of the transmitter. Because the op-amp's power 
supply rejection ratio and CMRR are large (> 10 s ), volt¬ 
age variations induced at the power terminals by the 
microphone signal do not induce unwanted feedback 
or gain variations. 

Typical quiescent current specifications of 350 fiA 
for the CA3420 are sufficiently near the ideal DC sup¬ 
ply current for the ICOM microphone circuit that the 
op-amp DC load need not be augmented. We meas¬ 
ured the DC voltage at the power supply terminal and 
found ample headroom for the output signal. 

As shown in fig. 6, operation within the common 
mode voltage range is guaranteed by the 1.2 and 1.0 
Megohm bias resistors. This choice of operating point 
places the output stage in the center of its linear 
region. The 0.1 pF capacitor is necessary to remove 
the output signal from the input of the op-amp. The 
ratio of Rp to R|, the input impedance of the radio, 
and the value of R A determine the overall gain: 

gain = (Rp/R[) (Rinput/Ra) (2) 
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Ra is typically 3.3 kilohm for satisfactory performance. 
Slight (plus or minus 6 dB) tailoring of the gain can 
be accomplished by adjusting R A . In fact, less sensi¬ 
tive microphones can be used as long as the ratio of 
Rp to R| is changed proportionately Values of R A be¬ 
low 1.5 kilohm are not recommended. 

This circuit has been in use for over a year and has 
performed admirably in all types of weather. 

summary 

Although generally provided with electret micro¬ 
phones, both ceramic and dynamic microphones can 
be made to work with handheld transceivers by the 
addition of only a small amount of circuitry. In the case 
of dynamic microphones, a speaker/microphone com¬ 
bination can be easily constructed. Some variation in 
the circuitry may be necessary for different micro¬ 
phones and transceivers, but the general techniques 
should remain the same. These ideas should enable 
Amateurs to have a wide choice of affordable mobile 
microphones for use with existing transceivers. 
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remote repeater programming 

using a computer and a telephone 


Upgrade your 
old controller 
with this simple 
Apple program 

Back in 1983, the repeater association that I belong 
to decided that it was time to upgrade our 2-meter 
repeater controller. The old controller still was work¬ 
ing well enough, but was really starting to show its 
age. The IDer used diodes to "memorize'' the call sign. 
After the third change of call, the foils started to pull 
away from the PC board. We knew it was time for a 
change. 

At the time, we really didn't have the money for a 
full-featured, controller, but a local ham, WA9FBO, 
was designing a controller that he planned to market. 
The controller was based on the Motorola 6809, a 
microprocessor with which he was familiar. It had all 
the necessities of a good repeater controller: auto¬ 
patch, CW, voice ID, and reverse patch, to name a 
few. We decided to go ahead with WA9FBO’s 
controller. 

After the new controller was installed into a 
1962-model G.E. Stationmaster, the fun began. The 
new controller has the capability of building "macros” 
for customizing the system to the users' tastes. To 
build these macros, you have to send standard DTMF 
tones to the controller, either over the air or telephone. 
Our group uses the telephone method, except during 
emergencies. 

Every so often an improvement to the operating 
system required starting over again from scratch. 
Usually this meant no more than changing a couple 
of PROM chips. But doing this meant removing the 
power from the controller, thereby erasing all the 
macros. In our case, 45 minutes later, they were all 
reloaded and back in operation — if nobody made a 
mistake. We knew there had to be a better way! 

While I suppose it would have been possible to tape 
record the tones for playback when needed, doing so 
would have required tape recording after each change 


to the system. To enter all the macros by hand 
presented an additional drawback because there aren't 
many telephones equipped with 16-button pads! What 
follows is what we feel is a much better solution. 

a better way 

In almost every Amateur Radio group, there are 
probably a few members with the required equipment 
to handle the task. What you'll need is someone with 
a computer that has autodialing capabilities. It can be 
any kind computer and any kind of dialer; mine is part 
of a modem that I use for information retrieval. Also, 
a nice thing to have, but by no means necessary, is 
a word processing program because it makes making 
changes a lot easier. 

The program presented here (fig. 1) was written for 
Apple II series (except the lie) computers with at least 
one disk drive and a Hayes Micromodem lie (but not 
the Micromodem II, which doesn't have touch-tone 
capabilities). All macro data is stored as standard 
Apple text files, such as those produced from word 
processors such as Apple Writer, Screen Writer and 
Apple Works (printed as a Text-ASCII file). It is writ¬ 
ten for DOS 3.3, but should be easily changed for 
PRODOS. The same basic idea of the program should 
be easy to convert to other computers. 

When entering the program by hand, it isn't neces¬ 
sary to enter all the REM statements; they're included 
only for program clarity. If you're rewriting the pro¬ 
gram for another computer, remember to first get it 
to run, and then add the niceties such as screen for¬ 
matting. And finally, if the computer doesn't support 
text files, or you don't have a word processor, DATA 
statements work just as well, but are not as easy to 
use in making changes. 

As presented, the program is more or less a struc¬ 
tured program and makes use of subroutines where 
allowed. The reason that the subroutines are at the 
front of the program is for program execution speed. 
The comments following the REM statements explain 
what the modules do. 

The kind of performance that can be expected from 
the program depends on certain variables. Of greatest 

By John R. Kaiser, KD9BC, 803 Central Street, 
Oshkosh, Wisconsin 54901 
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REM \-—- / 

REn I 1 

REM 3 TOUCH TONE MACRO PROGRAM j 

REM ! BV JOHN R- KAISER KD9BC t 

REM ! CD'YRIBHT 1903 BY J.R.K. ! 

REM t : 

REM | • 

REM ! PROGRAM TO LOAD REPEATER MACROS 3 

REM 1 OVER THE TELEPHONE LINES USING i 

REM | AN APPLE ][, JI + , OR ][• AND A l 

REM 1 HAVES niCROnODEM 1 

REM ; : 

REM /-\ 

REM 

REM • *••* BOTD START OF PROGRAM 
REM 

GOTO 77 
REM 

REM *«««« SUBROUTINE THAT FETCHES EACH NUMBER 
REM 

FDR F - 1 TO REC 

LET 9* - S*(F>I REM GET SINGLE LINE FROM TOTAL FILE 
FOR 1 - 1 TO LEN (S*> 

LET D14 - MID* (84,1,1)1 REM GET SINGLE LETTER FROM LINE 
REM 

REM *•««« “PRINT" Of AT 3,33 

POKE 1312,129 ♦ A9C (014) » R£M SCREEN MAPPED BYTE 

GOSUB 36i REM DIAL THE NUMBER 

NEXT I 

NEXT F 

RETURN 

REM 

REM 44444 SUBROUTlrC THAT DIALS THE NUMBER 
REN 

LET D * - 1 

FOR J - I TO 16: REM CHECK FOR VALID NUMBER 
IF 014 « MID* T hCN LET D - J - 1 

NEXT 

IF D < 0 THEN GOTO 47l REM NOT A VALID NUMBER 
POKE - 16233 •* SLOT * I6,D ♦ 48> REM DIAL NUMBER 
FOR J - 1 TO DL 
NEXT J 

POKE - 16233 * BLOT 4 16,0 + 32i REM SILENCE BETWEEN NUMBERS 

REM F0RJ*1 TO DL / 2t REM USE THESE TWO LINES 

REM NEXT J « ONLY IF EXTRA DELAY IS NEEDED 

RETURN 

REM 

REM 44444 READ THE TEXT FILE INTO S«< > 

REM 

LET J - 1 

OKCRR GOTO 39 

PRINT D*»“VERIFY»|FILE* 

PRINT D*f“OPEN -|FILE* 


53 PRINT D*|"READ "jFILE* 

36 WOT 3*(J> 

57 LET J • J ♦ 1 

58 GOTO 53 

39 PRINT D*1"CLOSE "fFILE* 

60 POKE 216,0 

61 IF PEEK (222) « 6 THEN GOTO 67* REM FILE NOT FOUND 

62 LET REC - J - 1« REM NUMBER OF LINES IN FILE 

63 GOTO 100i REM GOTO MAIN PROGRAM 

64 REM 

63 REM ***** FILE ND7 FOUND ERROR MESSAGE 

66 REM 

67 PRINT "FILE NOT FOUND!" 

68 PRINT "INSERT PROPER DIBK AND PRESS RETURN."| 

69 II^UT A* 

70 GOTO 07» REM GET NAME OF FILE 

71 REM 

72 REM *•••• START OF THE PROGRAM 


73 REM 

74 REM ••••• INITIALI2E VARIABLES 

73 REM 

76 LET DC - 30i REM USED TO CONTROL SPEED OF DIAL, LESS - FASTER 

77 LET SUIT - Z* REM THE SLOT NUMBER THAT THE MODEM IS IN 

78 LET D* - CHR* (4)i REM CONTROL-D USED FOR DISK ACCESS ON APPLE 

79 LET D* - CHR* (17)» REM CONTROL-O USED Ft* MODEM ACCESS DN HAVES 

BO LET V* - “D1234S67B90MABC"! REM USED FOR VALID CtCCK 

01 DIM S*<300)1 REM 500 LINES IN FILE-SIZE ACCORDINGLY 
B2 REM 

S3 REM 4**4* GET THE NAME OF THE TEXT FILE 

84 REM 
83 TEXT 

86 HOME 

87 PRINT "ENTER THE NAME OF FILE TO WORK FROM" 

BB INPUT FILE* 

09 PRINT 

90 PRINT "PLACE DISK UlTH *j 

91 INVERSE 

92 PRINT FILE* 

93 NORMAL 

94 PRINT "IN DRIVE 61 AND PRES9 RETURN."j 
93 INPUT A* 


96 GOTO SIi REM READ IN TEXT FILE 

97 REM 

9B REM ***** SET UP DISPLAY FOR THE REST OF THE PROGRAM 

99 REM 

100 HOME 

101 PRINT " S.O.L.A.R. MACRO LOADER" 

102 PRINT 

103 PRINT “ NUMBER BEING DIALED IS —>" 


104 VTAB 3 
103 HTAB 1 

106 PRINT --" 

107 VTAB 7 
109 POKE 34,6 

109 REM 

110 REM **••* SET UP HAYES MICROMODEM 1CA 

111 REM 

112 PRINT D*|“PR*2* 

113 POKE - 16233 SLOT * 16,32 

114 PRINT Q*| 

115 REM 

116 REM •*•«• DIAL THE REPEATER 

117 REM 

118 LET 9* - "000-0000" 

119 FOR I • 1 TD LEN CS«) 

120 LET 01* » MID* (B*,I,1> 

121 GOSUB 36 

122 NEXT I 

123 REM 

124 REM ••••• WAIT FOR REPEATER TO ANSWER THE PHONE 

125 REM 

126 POKE - 16253 * SLOT * 16,0 

127 FOR J - 1 TO 4000 
I2B NEXT J 

129 REM 

130 REM ***** SEND THfc MACHO FILE 

131 REM 

132 GOSUB 22 

133 REM 

134 REM ••••• HANG UP THE PHONE 
133 REM 

136 PRINT 

137 POKE - 16253 ♦ SLOT * 16,0 

138 PRINT D*,"PR*2“ 

139 REM 

140 REM ••••• THAT’B IT, RETURN SYSTEM TO NORMAL 
14) REM 

142 PRINT CHR* (*)>“PR*0"l REM USE “PR*3" IF USING BO COLUMNS 

143 HOME 

144 EM) 


fig. 1. T ouchtone program listing. 


concern is the speed at which your local telephone 
company or the repeater controller will accept and 
process the tones. In the case of our group, the pro¬ 
gram is able to send a file of 3540 digits in 10 minutes 


and 45 seconds. That's with the variable DL set to 10 
— not bad considering the relative slowness of Ap¬ 
plesoft BASIC. 
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BALUNS 

Get POWER to your antenna! Our Baiuns are 
already wound and ready for installation in your 
transmatch or you may enclose them in a 
weatherproof box and connect them directly at 
the antenna. They are designed for 3-30 MHz op¬ 
eration. (See ARRL Handbook pages 19-9 or 
6-20 for construction details.) 

100 Watt (4:1, 6:1. 9:1. or 1:1 Impadanca — S*l*ct on*) t 9.50 
Universal Tranamatch 1 KW (4:1 Impadanca) 13.50 

Univaraal Tranamatch 2 KW (4:1 Impadanca) 16.00 
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TIONS! 

No. 1080S-SO-40-20-18-10 — 1 trap 49 ft.-S49.95 

Na. 1040S — 40-20-18-10 — 1 trap 26 ft.-*46.95 

Na. 1020S-20-18-10-1 trap 13 It.-*47.98 

Na. I0f8 S-(80-80-40-20-18-10-2 trap* 83 ft. - *79 95 
SEND FULL PRICE FOR PP DEL IN USA (Canada la $8.00 
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AMER EXP. Glva Numbar Ex Data. Ph 1-308-238-8333 
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DX FORECASTER 

Carth Stonehocker, KORyw 
springtime QRN 

How's the noise affecting your 
DX? The weakest DX signal that can 
be heard is limited by the noise level 
at your receiver. The readability is 
lowered considerably by that noise you 
hear. But where's the noise coming 
from? 

One way of classifying noise sources 
is by identifying it as local or distant. 
Your receiver could be one local 
source of noise; yet most HF receivers 
used today, if kept in good repair, are 
good enough not to add appreciable 
noise that would affect amplification 
and detection of weak DX. Other 
sources of local electrical noise are 
power lines, electric motors, automo¬ 
biles, televisions and computers, and 
solid-state type transmitters nearby. 

If you're not located in the city near 
a factory, machine shop, or even in the 
country near a noisy power line, you're 
fortunate. If so, you've probably 
found, controlled, or scheduled 
around the worst of it. Finding local 
noise sources is an intriguing, frustrat¬ 
ing form of transmitter hunting, an art 
on which several articles have been 
written. 

If none of these local nuisances can 
be pinpointed as the source of your 
noise problem, then you'll have to con¬ 
sider the possibility of a more distant 
source — atmospheric noise. The 
cumulative effects of thunderstorms 
are propagated to your antenna via the 
same ionospheric layers you're using 
to communicate. The effects may also 
result from local storms within your 
ground wave propagation distance (50 
to 100 miles or 80 to 160 km). 

Potent thunderstorm noise at this 
time of year results from the following 


situation; In March and April, spring 
storms bring rain to much of the north¬ 
ern hemisphere. Fronts of warm and 
cold air generate the first major thun¬ 
derstorms of the year. Fast-moving 
cold fronts produce particularly potent 
thunderstorms. As a storm front 
approaches your area, a significant 
increase in the noise level is heard. 
You'll first notice this increase at a one- 
hop distance away (about 600 to 1200 
miles or 960 to 1920 km) when the 
storm front is about one day west of 
your location. The noise level will 
usually decrease after that until the 
storm reaches within a ground-wave's 
distance. Now, loud individual dis¬ 
charges can be heard. As the storm 
draws nearer, its sounds become part 
of the "local noise"; as it moves away, 
its noise decreases, then increases 
again as the front reaches the one-hop 
distance point a day or so later. (You 
can correlate this with storm progress 
reports on local television.) You can 
save time in looking for rare DX by 
tracking storms in order to pinpoint 
when the most favorable listening con¬ 
ditions are likely to occur. 

last-minute forecast 

The first and last weeks of the month 
are expected to produce the best 
higher frequency band, 15 to 30 
meters, DX openings of the month. 
Whatever 27-day solar cycle variation 
is to occur, the rise in solar activity will 
take place during these days. Some 
transequatorial openings, mainly dur¬ 
ing geomagnetically disturbed periods 
can be expected. The middle two 
weeks can probably best be spent on 
the lower bands for DX openings to 
the east, north, and west during the 
night. During the disturbed magnetic 
periods keep your ear trained on the 
unusual rare DX you need for WAC. 
You may be lucky; March is the first 
month of the equinoxial geomagnetic 
disturbed period of each year, so you 
can expect disturbance and no real 
quiet in between. Expect also the 
intensity and length of the distur¬ 
bances to increase throughout the 
month. April, however, is usually more 


disturbed than March. Spring equinox 
occurs on March 20th at 2203 (JTC. 
The moon is full on the 3rd and at peri¬ 
gee on the 1st and 28th. 

band-by-band summary 

Ten and twelve meters, the highest 
day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 7 to 
10-hour period centered on local noon. 
These bands open on paths toward the 
east and close toward the west. The 
paths are up to 2400 miles (4000 km) 
in single-hop length, and on occasion 
double that during evening transe¬ 
quatorial openings. 

Fifteen meters, a day-only DX band 
open most of each day, has lower sig¬ 
nal strengths and greater multipath 
variabilty than 10 and 12 meters. It will 
be best when the MUF is slightly 
above to slightly below this band — a 
transition period that occurs right after 
sunrise and just before sunset. Tran¬ 
sequatorial openings will occur, with 
distances similar to 10 and 12 meters. 

Twenty, thirty, and forty meters are 
both daytime and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in the northern directions dur¬ 
ing the day. In combination with 30 
meters, it provides nighttime paths for 
the day-only bands. Forty meters 
becomes the main over-the-pole DX 
daytime band, with some hours 
covered by 30 meters. 

Eighty and one sixty meters, the night- 
only DX bands, exhibit short-skip 
propagation during daylight hours, 
then lengthen at dusk. These bands 
follow the darkness path, opening to 
the east just before local sunset, 
swinging more to the north-south near 
midnight, and ending up in the Pacific 
areas for a few hours before dawn. On 
some nights, 80 meters, with its higher 
signal strengths, will be the best band 
to use. One-sixty is also expected to 
provide good conditions most of the 
days. Please remember the DX win¬ 
dows of 3790 to 3800, 1825 to 1830, 
and 1850 to 1855 kHz. 
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REVIEW 

Butternut WARC Kit 

Ihe FCC recently opened the 24.890 MHz 
band 112 metersl for Amateur operation, like 
many others, I began operation on the new band 
with a makeshift antenna and transmatch. In my 
case, the antenna was the HF6-V vertical 
manufactured by Butternut Electronics Corpo 
ration. 

A low weeks later I obtained a Model A -18 24 
WARC band conversion kit for the HF6-V. The 
kit consisted of two clamps and rod and capac 
itor assemblies which, when installed on the ver 
tical radiator, would allow resonant operation on 
the 12 and 17 meter bands. 

Each rod and capacitor assembly forms a par 
allul resonant circuit and decouples the length 
of the radiator above it in a manner similar to 
that of a conventional L C trap. Installation of 
this kit has a negligible effect on the tuning of 
the antenna on the original six bands, 

The kit required only about half an hour to 
install and "tweak." The SWR across the 
12 meter band is less than 1.3:1. 

Currently, we in the United States don't have 
permission to transmit on the 17-meter band; 
chocks there have been limited to use of a noise 
bridge and my ears. The A 18-24 and HF6-V 
combination shows a definite resonance near 
18.1 MHz. Signals from commercial stations in 
that region are also louder than with the unmodi 
tied antenna. I’m sure that readers in countries 
that have access to 17 meters can verify my 
observations with on Ihe air QSO’s. 

- K1THP 



mobile antenna matcher 

MFJ Enterprises, Inc., has announced the in¬ 
troduction of the MFJ 910, a mobile antenna 
matcher. This device lowers SWR by capaci- 
tivoly matching a mobile antenna to 50 ohms, 
resulting in more power out of the transmitter 
and into the antenna, especially if a solid state 


lig is being used. The MFJ 910 matches mobile 
antennas 10 through 80 meters. 

One of Ihe best features of this mobile antenna 
matcher is its compact size (only 2-1/2 x 2 1/2 
inches) so it can be tucked into a corner of a car 
trunk or mounted inconspicuously with the 
mounting holes provided. 

Installation is easy: simply connect the an 
lenna to the SO-239 connector labeled “out" and 
Ihe transmitter to the SO 239 connector labeled 
“in". This mobile antenna matcher retails for 
$19.95 each, plus $5 for shipping and handling. 
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For more information, contact MFJ Enter 
prises. Inc., P.O. Box 494, Mississippi State, 
Mississippi 39762. 

Circle /318 on Reader Service Card. 


one-tube radio kit 

A new one-tube radio kit providing the 
experimenter or antique radio buff the opportu¬ 
nity to experience early radio construction and 
operation is available from Antique Electronic 
Supply. 



The kit comes complete with breadboard, 
tube, and other parts. Batteries and headphones 
are optional. The kit and a 20-page catalog 
covering tubes, parts, books, and other items 
of interest to radio collectors and experimenlers 
are available from George A. Fathauer, Antique 
Electronic Supply, 688 West First St., Tempe, 
Arizona 85281. The price of the kit is $16.95 plus 
$3.00 for shipping and handling. 

custom fitted case 
for ICOM handhelds 

Delta Zulu has announced the release of its 


newest case, designed to fit the popular ICOM 
2AT/3AT/4AT series of handheld transceivers 
and fill the need for a lightweight, compact case 
that allows user access to all controls. The new 
case, available in black or burgandy cloth backed 
vinyl, features a unique zippered battery door 
that allows quick changing of standard sized bat 
tery packs and a transparent window for access 
to the touchlone pad. Its bottom seams are 
designed to improve stability when the unit is 
placed upright on a flat surface, reducing tipovor. 

Della Zulu cases come with a limited 90 day 
materials and workmanship warranty and are 
available from the manufacturer tor 524.95 each 
U.S. shipping is free. 

For information, contact Crowley Manufac 
luring Co.. 95 Federal St.. Lynn. Massachusetts 
01905. 

Circle #317 on Reader Service Card. 


meet the "gripmate" 

Few |obs are more frustrating than those that 
require “three or more hands" — two to hold 
the work and a third or more to apply solder or 
perform some other operation. The smaller the 
component, the more difficult it usually proves 
to position it accurately and firmly. 

The “GRIPMATE" is one of those why-didn't 
I think-of-it before? inventions — a clamp that 
provides up to /ow extra hands, each able to grip 
small components, wiring and other items in an 
infinite number ol positions. 



A base block clamps easily to a bench, cabi¬ 
net or apparatus in any plane, carries four semi¬ 
rigid insulated wires (stayput arms), each fitted 
with an alligator clip to hold Ihe job. Any of the 
arms can be replaced with one attached to a 48 
mm diameter 2.5x safety magnifying glass for 
close up work, or a small magnet when this is 
more appropriate than the clip. 

The Super “GRIPMATE" kit, consisting of the 
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“HAM HOTLINE” 

THE PROVEN MONEYMAKER 

The “Ham Hotline" is a complete 
mailing list of novice amateur radio 
operators and current hams who have 
renewed, upgraded or modified their FCC 
licenses. These ham enthusiasts have 
proven to be excellent prospects for radio 
equipment, accessories and publications. 

The Hotline is UPDATED EVERY 
TWO WEEKS with an average of 8,000 
names and addresses each month. And, 
because we know the Holline is the most 
up-to-date amateur radio listing available, 
we'll guarantee 98% deliverability. 

Target your sales efforts to your most 
likely buyers. Call DCC Data Service to¬ 
day and begin your subscription to the 
‘Ham Hotline" . . . the proven 
moneymaker. 

DCC Data Service 122 
1990 M Street. N.W. Suite 610 
Washington. D.C. 20036 


Toll-free 1-800-431-2577 
In DC & AK 202-452-1419 



4RV Four Channel Repeater Voter 


• Signal to Noise Type 

• Expandable to 32 Channel by Jusl Adding Cards 

• Designed lor Commercial and Amateur Sorvice 

• Continuous Inslanl Voting 

• Dual or Single 12 Volt Supply 

• LED Indicators of COR and Voted Signals 

• Fiont Mounted Level Pots 

• Built in Calibrator 

• Remote Voted Indicators Pinned Oui 

• 4V,'x6' Double Sided Gold Plated 44 Pin Card 

• Unsquelched Audio input 

• On Board Audio Switching and Mixing 

• Audio Mixer Input Available lor External Input 

• Open Collector or Relay Contact Inpul 

• Open Collector NPN Output 

• Romoto Disable Inputs 

• More 

4RV Kit Including board and parts with 20 page 

manual.. $200.00 

Built, tested, and calibrated with manual... $350.00 
For more /nformof/on call or write: 

VOTER Hell Electronics vJfl?,- 
815 E. Hudson Street 
Columbus, Ohio 43211 


^ 130 


Invitation to 
Authors 

ham radio welcomes manu¬ 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid¬ 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated!. 
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base block, C-elamp, four 'stayput' arms, mag¬ 
nifier and magnet arms costs $19.95 plus sales 
tax (where applicable). Shipping and handling 
are included in the price. 

For more information about "GRIPMATE" 
contact Gripmate Enterprises, Inc., P.O. Box 
6179, Arlington. Virginia 22206-168. 

Circle #316 on Reader Service Card. 


sinadaptor 

J.S. Technology, Inc. has announced the 
availability of a new product to expedite field or 
bench servicing of communications equipment. 
The sinadaptor model SAI-01 is a pocket-sized 
unit designed to plug directly into a VOM to pro¬ 
vide sinad measuring capability anywhere radio 
systems require servicing. 

The instrument is compatible with any VOM, 
AC VTVM, FET volt meter or other meter with 
AC measurement capability (analog or digitall. 
The only requirements are that the meter have 
2.5 VAC sensitivity or better and that the meter 
have a dB scale. The sinadaptor has been 
designed with very low output impedence so thal 
the meter impedence does not effect accuracy. 

By simply plugging the instrument into a 
VOM, connecting the VOM’s test leads between 
the sinadaptor and the speaker leads of the 
receiver being tested, sinad measurement is dis¬ 
played directly on the VOM’s dB scale. For infor¬ 
mation, contact J.S. Technology, Inc., 39 Main 
Street, Scottsville, New York 14546. 

Circle #315 on Reader Service Card. 


new handheld 

E ncomm, Inc. has announced the newest 
addition to the SANTEC brand of radios. The 
ST-20T, described as a "smarter" handheld, fea¬ 
tures a large easy-to-read LCD atop a 
32-function, 16-key keyboard. It provides two 
seven-digit auto dial functions for automatically 
selecting and dialing through the repeater auto¬ 
patch. All keyboard functions are accessible with 
one finger and minimal keystrokes, saving time 
and providing a very user-friendly interface. Its 
frequency range is 142-150.995 MHz for MARS 
and CAP users; other langes from 140 to 176 
MHz are available for export. Transmitter power 
is rated at 3.5 watts nominal and 5 watts maxi¬ 
mum, depending upon the power supply volt¬ 
age or battery used. Accessories and batteries 
are compatible with other popular models hav¬ 
ing similar slide-off battery packs. 

For more information contact Encomm, Inc., 
1506 Capital Avc, Plano, Texas 75074. 

Circle #314 on Reader Service Card. 


new from Heath 

Four new Amateur Radio kits have been 
.introduced by Heath Company. The HD-1420 
Very Low Frequency (VLFI Converter allows a 
standard shortwave receiver to tune the 10 to 
500 kHz band using the receiver's 3.5 to 4.0 MHz 
band. The HD-1422 Antenna Noise Bridge 
reveals the cause of any mismatch between a 
station's transmitter and its antenna. The 
HD-1424 Active SWL Antenna allows a short¬ 
wave radio to receive signals between 300 kHz 
to 30 MHz. And the HD-1530 Touch Tone 
Decoder is used in a series with the speaker of 
a receiver or scanner. 



For a free copy of Heath's new catalog 
describing these new products and hundreds of 
others, contact Heath Company, Dept. 150-592, 
Benton Harbor, Michigan 49022. (In Canada 
write Heath Company, 1020 Islington Avenue, 
Dept. 3100, Toronto, Ontario, M8Z3.I 
Circle #313 on Reader Service Card. 


remote data interrogator 
for repeater tone panel 

Communications Specialists has announced 
the availibility of its new 01-16 Data Interroga¬ 
tor. Designed for remote retrieval of accumulated 
time and hit information from the TP-38 Shared 
Repeater Tone Panel, it may also be used to 
remotely access the TP-38 for enabling oi disa¬ 
bling repeater subscribers. The DI-16 interfaces 
with a simplex control base station on the 
repeater channel to establish a DTMF commu¬ 
nications link with the TP-38 at the repeater site. 
Upon receipt of the proper command, the TP-38 
will transpond data back to the DI-16 and show 
it on a four-digit LED display. 



Provision is made for hard copy printout of the 
data on a Radio Shack Model TP-10 Serial 
Primer if desired. The DI-16 may also be con¬ 
nected to a host computer serial port for process- 
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ing of the information for air time billing or other 
special purposes. All programmable functions of 
the TP-38 Shared Repeater Tone Panel may be 
performed remotely with the Dl-16, eliminating 
the need for trips to the repeater site. The Dl-16 
uses r sixteen-digit keyboard and a high- visi¬ 
bility four-digit LED display. An automatic PTT 
keying circuit and an output port for a serial 
printer or computer adaptation are standard 
equipment. It is powered by 12 VDC and comes 
complete with 120 VAC power supply. Its size 
is 7.5 x 7.8 x 2.7 inches. The DI-16 is priced at 
$249.95 and is available for immediate shipment 
from factory stock. A full one year warranty is 
included. 

For information, contact Communications 
Specialists, Inc., 426 West Taft Avenue, Orange, 
California 92665-4296. 

Circle #312 on Reader Service Cord. 


miniature GaAsFET preamp 

Hamtronics, Inc., recently announced a new 
low-cost, miniature receiver preamp for the VHP 
and UHF bands. The model "LNW" is similar 
to the popular LNG GaAsFET preamp, which 
itself represented a breakthrough in GaAsFET 
preamp pricing. 



The heart of the preamp is a new dual-gate 
GaAsFET that provides stable operation over a 
wide range of load impedances. Typical gain of 
the unit is 18 dB, and the typical noise figure is 
0.8 dB. The unit measures only 5/8 x 1-5/8 
inches. Mounting standoffs are provided to allow 
the preamp to be built into transceivers and 
receivers. It is easy to connect in series with the 
receive signal path using miniature coax. 

Several models of the preamp are available: 

model nom frequency tuning range 


LNW-144 
LNW-160 
LNW-220 
LNW-432 


146 MHz 120-150 MHz 

160 MHz 150 200 MHz 

220 MHz 220-270 MHz 

446 MHz 400 500 MHz 


The price of the unit is only $19 in kit form 
and $34 assembled and tested. 

A complete 40-page catalog Including a full 
description of this and other products is availa¬ 
ble from Hamtronics, Inc., 65-F Moul Road, Hil¬ 
ton, New York 14468-9535. (Include $1 for first- 
class mailing. For mailing overseas, enclose $21. 


Don’t buy from Hamtronics ... 

Unless you want the best possible equipment 
at the lowest possible price! ! ! 

The "wheeler-dealer'' is back and he’s beating 
everyone eise's "deals." 

We all know there’s no such thing as a free lunch . . . 
so How Can We Do This? 

• We don’t run alot of ads featuring sale items 

• We don’t spend alot of money on full page ads 

• We don’t have sales on just the fastest selling 
products 

• We don’t short cut you on service. We are a factory 
warranty repair facility for everything we sell! 

• We don’t mail out free catalogs 

• We don't have a free WATS number. 

You and every other Ham customer is paying for all 
these do-dads and sales gimicks. 

Hamtronics puts the savings into your pocket. 
Hamtronics guarantees to meet or beat any advertised 
price on every item we sell. 

Hamtronics Has It All! 


h Let Hamtronics be your Ham Radio equipment dealer. 
“ We're celebrating our 35th year in the Ham business 
hi at the same location. 



= A DIVISION OF TREVOSE ELECTRONICS 
b 4033 BROWNSVILLE RD„ TREVOSE, PA 19047 
■ (215) 357-1400 
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-THE JOY OF QRP: STRATEGY FOR SUCCESS- 

The exports reviewed Ado Weiss's (WCRSP) book and wrote: George Dobbs. G30JV. Radconi I iim most 
impressed bolh with tho scope and content ol the book the sections on objectives, planning, operating 

techniques, band seleclton and propagation would help any Amateur whatever power is being used. SPRA t Q 

ft "a comprehensive guide to the whole subject ol QRP a great book lor QRPrs and a lot ol ORQ operators 
w would bonelil Irom reading it." Doug DeMaw. W1FB. OST "I lound tho book easy lo read, and the text is D 
_ interesting throughout 1 would have no hesitation in recommending WORSP’s book to any Amateur interested 
H in ORP operation In lad, it will provide gronl rending lor nearly any active ham Bill Welsh, W6DDB. Novice p 
Ed , CO " 151 pager, covering QRP from basics to fine points in 8 interesting chapters Novices will have * 
P no dillicully understanding the explanations ” Fred Bonavlta. W5QJM. ORP Quartotly In no other place have 
I encountered such a well loundc?d statement ol the philosophy ol ORP oporatinq ' 

POSTPAID SIO 95 (U S ). $12 95 (Foreign) 192 

MILLIWATT BOOKS, 833 Duke St. #83, Vermillion, SD 57069 . 
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software toolbox 

Communcations Electronics Specialists Inc. 
(CES) has announced the release of the CES 
BeamCalc Software Toolbox for Commodore 64 
and Apple II computers. The program assists 
Amateur Radio Operators with beam heading 
calculations from their location to locations in 
most areas of the world. The operator simply 
enters his latitude and longitude and then selects 
a specific location. The program provides the 
beam heading in degrees relative to true north, 
latitude and longitude of the selected location, 
distances in statute and nautical miles, time 
difference from GMT, DX Zone number, postal 
rates, numbers of IRC coupons, and QSL bureau 
information. Included in the CES BeamCalc 
Toolbox are program segments for radio line-of- 
sight calculations, satellite tracking, moon track¬ 
ing, and solar outage predictions. 

CES BeamCalc is menu-driven and comes 
with a detailed operating guide. 

For information, contact CES, Inc., 803C 
South Orlando Ave., Winter Park, Florida 32789. 

Circle 1311 on Reader Service Card. 


RF design programs 

RF Notes No, 2 is the second in a series of 
RF design aid programs for problems frequently 
experienced in radio frequency design. RF Notes 
No. 2 contains four programs that can aid in such 
activities as inductor design, including design of 
single-layer coils (both close and space-woundl 
and toroid coil design. Complex impedance 
matching circuit design includes L, PI, T, and 
wideband configurations. In addition, a short 
program for capacitor applications evaluation is 
included. The price is $60.00. Designed for the 
color or monochrome IBM PC with 128K, RF 
Notes No. 2 requires a graphics card. 

For information, contact Etron RF Enterprises, 
P.O. Box 4042, Diamond Bar, California 91765. 

Circle #310 on Reader Service Card. 


DTMF encoder/decoder 

Cetec Vega's new Model ED-707 mobile 
encoder/decoder is built to endure hard use. 
Designed for tough service, it's rugged and 
dependable, and includes a comprehensive 
selection of operational features including the fol¬ 
lowing: selective, group, and all-call (2 to 6-digit 
messages); single-tone transpond; full DIP- 
switch programmability; command reset; audi¬ 


ble encode sidetone; fully sealed keypad with 12 
DTMF digits; horn switch, speaker switch, and 
new "T" switch; and wrong-digit reset or wrong¬ 
digit lockout (jumper selectable). 

The fully sealed keypad has a positive tactile 
feel. It encodes 12 DTMF characters with audi¬ 
ble sidetone beep, while producing a PTT output 
(with preset off-delay period). Also included are 
speaker, horn, reset, and "T" switches, with 
LEDs to indicate the state of the speaker and 
horn switches. Adjustable timers are provided 
for sounder/horn, tone-burst transpond, off 
delay, PTT delay, and interdigit time. 

For details, contact Cetec Vega, 9900 Baldwin 
Place, El Monte, California 91731. 

Circle #309 on Reader Service Card. 


multicomm 2.0 

MULTICOMM 2.0, an updated version of 
MULTICOMM 1.0 is now available from Multi- 
Comm Communications Software, Inc. MULTI¬ 
COMM 2.0 includes Morse code transmit 
capability, a faster menu screen, user-definable 
function keys, and a terminal screen memory 
feature. 

The new program includes ASCII, RTTY, and 
Morse Code Communications, with full teletype 
(Baudot) emulation, definable function keys, an 
Active Menu, file transmit and receive, and 
simultaneous printing, and many other features, 
for $49.95. 

IBM-PC land Compaq) system requirements 
are: 128K RAM, 1 disk drive and an 80 column 
monitor. RTTV communications requires a ter¬ 
minal unit with an RS-232 interface. Telephone 
communications requires a standard modem. 

MULTICOMM 2.0 is available for a limited time 
at only $39.95. 

For further details, contact Multicomm Com¬ 
munications Software, 1806 Foxwood Drive, 
Houston, Texas 77008. 

Circle #308 on Reader Service Card. 

circuit design/analysis 
software 

Hayward Electronic Systems, Inc., has an¬ 
nounced that it will supply LADPAC, a software 
package for the design and analysis of radio fre¬ 
quency ladder circuits. Ladder networks are used 
extensively for electronic filtering and impedance 
matching. 

LADPAC will design lowpass, highpass, tradi¬ 
tional bandpass, coupled resonator LC band¬ 
pass, and crystal ladder filters. A special feature 
is a routine for the design of pseudo-elliptic low- 
pass filters. LADPAC analyzes networks for 
transducer gain, impedance match (return loss), 
phase, and group delay. Impedances may be 
plotted on a built-in Smith chart. A special rou¬ 
tine draws and edits the schematics of circuits 
designed by other LADPAC programs. 

Hardware requirements for running LADPAC 
are an IBM-PC or compatible, DOS 2.0 (or later 







version), at least one 5.25-inch disk drive. 192 
kilobytes of RAM, and a color graphics adap 
ter. A dot matrix printer is recommended. 

LADPAC and LADPAC 87, which provides 
enhanced operating speed (but requires the 8087 
co-processor), are each priced at $149 each. For 
further details, contact Hayward Electronic Sys 
terns, 7700 SW Danielle Avenue, Beaverton. 
Oregon 97005. 
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logging software 

The Log, the latest Amateur Radio software 
from Cynwyn. tuns on the 16K or 32K Radio 
Shack Color Computer and is available in cas 
sette or RD-DOS versions. When loaded into the 
compute?, it tests for memory and configures 
itself to the maximum advantage of the avails 
bie memory automatically. It provides fields for 
entering all standard logbook data as well as a 
"Remarks" field. The program which will 
search log entries by call sign. QTH. and date 
allows operators to obtain hard copy printouts 
of their logbooks. The user with a 32K disk sys 
tern can store up to 13,600 contacts per disk. 

The log is available for $19.95 per cassette and 
$24.95 per disk. (Add $2.00 for shipping. Call 
signs should be included with orders. I 

For information, contact Cynwyn. Suite 2F. 
4791 Broadway, New York, New York 10034 
Circle #307 on Reader Service Card. 


metroplex network 

Metroplex, a key link in the North American 
Teleconference Net, ts now on the air with its 
satellite broadcast news service, specially 
designed for transmission on Amateur repeaters 
and remote bases. 

The Metroplex Network carries three exciting 
programs, co produced by Metroplex and West 
link Rdio, for the Amateur Radio Community; 
an up to the minute national news program and 
a national Amateur Radio swap-and-shop pro 
gram every week, as well as all four North Ameri 
can Teleconference Radio Nets INATRNs) each 
year 

Network affiliated club stations downlink the 
programs from a commercial satellite Iran 
sponder for a very low annual lee or receive the 
programs via a UHF link or a telephone company 
dialup line. Many cluhs already have the basic 
antenna systems that are required. 

The total package is available every Monday 
evening at 10 PM EST / 7 PM PST and Friday 
nights for NATRN. 

All news and production personnel are work 
ing professionals who have volunteered their 
time lor this informative way to help unite the 
work! of Amateur Radio. 

To become a network affiliate, or to learn more 
about it, contact Alex Magocsi, WB2M6B, a) 
the Metroplex Network. Leonia, NJ 07605 or call 
201 592-7614 for recorded information. 
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Introducing the BUTTERFLY 
Beam from Butternut! 


Compact Size 

The HF4B's l2VHool elemenis and 6-fool 
boom are ideal for home-station use and 
for weekend retreats, condos, apart¬ 
ments and olher places where oversized 
beams are prohibited. Its light weight 
(17 pounds) means rl can be turned with 
a tv rotator, yet it Is robustly con¬ 
structed in ihe best tradition of our 
world-famous Butfernut verticals. 

See your authorized 
Butternut dealer 


The HF4B Compact, 2-element 
Beam for 20-15-12-10 meters 


Performance 

The HF4B BUTTERFLY has not 
sacrificed performance for compactness 
Its unique design with tanned elements 
and L-C circuits avoids use of power¬ 
robbing traps yel provided high-efficiency 
operating on all bands. The BUTTERFLY 1 
outperforms anything in its class. 

The HF4B offers an SWR of 1.5:1 or less al 
resonance. Its 2:1 bandwidth is 200 kHz on 
20 meters, 450 kHz on 15, 1.7 MHz on 10, 
and across Ihe enlire 12 meter band. And it 
will handle Ihe legal power limils both CW & 
SSB Gain is al leasl 3 dB on 20, 4.5 dB on 
15 and 5 dB on 10 & 12 meters. Front-to- 
back is up to 18 dB on 10, 12 and 20m. and 
up to 15 dB on 15m. 


BUTTERNUT ELECTRONICS CO. 

405 East Market Street 
Lockhart, Texas 78644 

Plpar.o sond all roador inquires direct 


COMPACT 75 M SSB TRANSCEIVER m\ 

■j.Tj E -r; Complete Kit 

ana 

i____ nandting 

Dimensions 2* x6“ x<$“ 

RECEIVER: 

Frequency 311-4 0 MH; 

Sensitivity 0 5 ,,V for 10 (IB S fN 1 

Selectivity - 6 dB # 2 4 KH; \ 

AGC Range +60 dBms +3 (IB out 1 

Audio Ouput >.350 mW wlo ft ohms 194 * 

TRANSMITTER: 

frequency 3 8-4 0 MH; 

Uulpul 30 waits into 50 uluns 

“monies .3* -55 0B POWER REQUIREMENTS: 

SWR Immunity 30 i all phase angles Voltage 28 Vdc regulated 


1985-86 

CATALOG 

50 <t 


RECEIVER: 

frequency 3 8 4 0 MH; 

Sensitivity 0 5 ,,V for HI MB S/N 
Selectivity - 6 dB ut 2 4 KH; 

AGC Range +50 dB ms +3 (IB out 

Audio Ouput > 350 mW wlo ft ohms 194 

TRANSMITTER: 

ftequency 3 8 4 0 MH; 

Uulput 30 waits into 50 uluns 

“monies ill! 3" -55 0B POWER REQUIREMENTS: ^ 

SWR Immunity 30 i & all phase angles Voltage 28 Vdc regulated 

AlC Amplified, last response rate (quas* processing! Current 2A transmit, 65 mA receive 


RADIO KIT 
BOX 411H 
Greenville, NH 
03048 

(603) 878-1033 
telex 887697 



CALL TOLL FREE 
& COMPARE 


Sts 


I KENWOOD 


Towers 


Unarco-Rohn, HyGain, and Tri- 
Ex. Ask lor special quotes on 
packages including cable, guys, 
connectors, turnbuekles, etc 

Accessories 

Everything an amateur needs by 
Kenpro, Alliance, Amcritron. TE 
Systems. Mirage. Tokyo Hy Power. 
Daiwa. MFJ, Ten-Ice. Santee, 
Bencher. Amphenol. Astron, B*K 
Precision, Wei* and more 

Computer Stuff 

Packet Radio; RTTY/Morsc 
hardware and software by Hal. 
Kantromcs. AEA, Microlog, MFJ; 
Amateur software by Ham Data. 

Books 

On every topic. Call and ask lor 
the book or subject you need 


New England 
Grand Opening 
March 1 & 9 

Visit with yaesu 
factory representative. 

Door prizes each day! 


CCI'S Exclusive Warranty 

Ege offers an extended 
1-year warranty* on Icom, 
Kenwood, & Yaesu 
Transceivers 

* 1H montTii o*» riwlicw with l y« mlg warrants 


Era icom 


HF transceiver with General 
Coverage Receiver 
32 memories. 

Built-in SSB filter, passband 
tuning, noise blanker 

IC-01AT 

Small, light HTs ror 2m 
Or 440 MHz. 10 
memories and scan. 
Keyboard entry LCD 
display. Battery packs 
and accessories 

New 1C-AC in stock 

Aircraft handheld 

Antennas 

HF. VHF, SWL, scanner, marine, 
commercial and CB for Mobile or 
Base use Manufacturers include 
Cushcraft; Mini-Products, 8AW, 

Van Gorden. KIM, Butternut, 

AEA, Mosfcy, Hustler, Telex Hy- 
Gain, Larsen, and others 


ege, 



TS-140 

HF transceiver with general 
coverage receiver All-mode 40 
memories Keyboard entry Built- 
In audio filter, optional automatic 
antenna tuner, speech processor. 

AC power supply. 


r 




New TM-1S30A/S0A/70A 

95/45/70-watt mobile 2m rigs 23 
memories. Scanning Telephone 
number memories. Easily 
modified for MARS and CAP 

New tola also in stock 


VIRGINIA 

13646 Jctlerson Davis Highway 
Woodbndgc, Virginia 22191 
Information A Service (703) 643*1063 
Scvicc Department (703) 494*8750 

Orders & Quotes Toll 
Free: 800-336-4799 

(In Virginia: 800-572-1201) 

Store Hours MTJ 10 am 6 pm 
WF 10 am - 8 pm 
Sal 10 am -4 pm 
Order Hours M f 9 arn-7 pm 
Sat 10 am-4 pm 


products 


microprocessor-based 
repeater controller 

After two years of field testing, S-C0M Indus¬ 
tries has introduced the MRC-100 repeater con¬ 
troller. The unit is fully user configurated. Relia¬ 
ble microprocessor based circuitry offers user 
customization for individual needs. 



FT-7S7SX 

HF transceiver with general 
coverage receiver. 8 memories. 

Dual VFOV Programmable 
memory scanning. CAT system 
computer control. 


Get the whole story! 
Send $1 for our new 
Winter 1986 Buyer's 
Guide—Catalog. 


More Helpers 

• Shortwave by Kenwood, Icom. 
Yaesu, Sony, Panasonic 

> Marine radios by Regency 
Polaris and Icom 

• Commercial Land Mobile by 
yaesu and others 

» Telephones by Southwestern 
Bell, AT AT, Panasonic and Cobra 

• CBs Unidcn, Midland, Cobra 
■ Scanners Regency A Bearcat 

• Radar Detectors Unidcn A 
Whistler 


New England 
Orders & Quotes: 
800-237-0047 

Store Hou»s Monday-Closed 
IWSat 10 am 4 pm 
IhF noon -a pm 
Sun. 12 noon —S* * 

*/mJ *r it <irrtrt tou with it 1 p« tfh 
ttfiw Suiwlaw »M*r>lrMi C*M in 


MACOMBE^A 

moot s TRinuioRiAtW^ 

LOUISIANA 

Out Associate Store 

Davis A Jackson Road, P.O Bo* 293 

Laeombc. Louisiana 70445 

Intoi motion A Service (504) 882-5355 


t»f«a»- »«ti r>«!UW»t .ifyri/ftd P<»cr» <20 

f»C* KKiutlr Unpegs llfS COO •« Vi 15 Off 
Ptitet are tut>K<t 10 tluns* without 
,t>!< t>> PObgJbbn ProUutit ait not told *or 
Algalrfin Anlfioii/ed returns Air wft^rl tc. a 
«rvj handling Iff ilnej credit w*tt 
ir on *ou» urn pvictwiK IGE 
iin,fn.-fi,r<*n vranant* 1 to gri .» 
inly pm!* Ip curibate. cjhi 
t at /0J 04 J 1063 and .1 w it tx 


Hard to get through on our 
S00 numbers? 


Dealer Inquiries Invited 


SPECIAL SALE — SAVE $5 EACH 

Have a name — but need the Call Sign? 
Traveling — and want to meet local Hams? 


1905- IMG Amateur Itod-o 

NAME INDEX 

By Name and Can 583 pages 

H»8f> 1 Amateur Rado 

GEOGRAPHICAL INDEX 


By Slale. City Sheet No and Cal! 653 pages 


No frills directories of over 462,000 U.S. 
Radio Amateurs. 8V2X11, easy to read 
format. 

NAME INDEX—$19.95 
GEOGRAPHICAL INDEX—jSSSrW $19.95 

BUY BOTH SPECIAL $35.95 

Ai jd 53 fiO hi upping Jo all outers 


Remote programmability is simple; it's not 
necessary to visit the repeater site. MRC-100 
software allows more options than conventional 
hard wired controllers. 

Deluxe features include autopatch/reverse 
patch, a sophisticated polite identifier, paging, 
clock and calendar, logic input and outputs, and 
CTCSS (Continuous Tone-Controlled Squelch 
Systeml. With built-in programmable security 
and "personality” features, macro capability, and 
CW. the MRC 100, built with industrial grade 
components, is designed and tested for relia¬ 
bility. 

The MRC-100 will support a second control 
receiver and comes with a power adapter for bat¬ 
tery backup. A full two-year warranty is included. 

For information contact S-COM Industries, 
P.O. Box 8921, Fort Collins, CO 80525 

Circle /304 on Reader Service Card. 


new catalog 

The 1986 Grove Enterprises catalog of receiv¬ 
ing accessories and publications is now availa¬ 
ble. Grove, a leading mail-order discount dealer 
of scanners and short-wave receivers, also 
manufactures preamplifiers, antennas, tuners, 
filters and other accessories for listening. Grove 
publishes books in the field and also Monitor¬ 
ing Times, a 40-page monthly tabloid covering 
all aspects of monitoring the radio spectrum. 

For a free copy of the new Grove catalog and 
a sample of Monitoring Times, write Grove En¬ 
terprises, P.O. Box 98, Brasslown, North Caro¬ 
lina 28902. 

Circle /303 on Reeder Service Card. 


ham-- 

radio 


BOOKSTORE 


Greenville, NH 03048 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60$ per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


SCHEMATICS: Radio receivers 1920's/60's. Send brand name, 
model No., SASE. Scaramella, P0 Box 1, Woonsocket, Rl 
02895-0001. 


ANTIQUE RADIO CLASSIFIED "The National Publication for 
Buyers and Sellers of Old Radios and Related Items”. Published 
monthly-features articles, regular columns, photos, and ads. 
Sample copy $1.50. ARC, 9511-23, Sunrise, Cleveland, Ohio 
44133. 


IBM-PC RTTY/CW CompRtty II is the complete RTTY/CW pro¬ 
gram for the IBM-PC and compatibles. Virtually any speed 
ASCII, BAUDOT, CW. Text entry via built-in editor. 10,000 
character transmit/receive buffers. Adjustable split screen dis¬ 
play. Instant mode/speed change. Hardcopy, diskcopy, break- 
in buffer, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MARS and traffic handling. 
Requires 128k PC, XT, AT, PCjr, PC-DOS, serial port, 
RS-232CTU $65. Send call letters (including MARS) with order. 
Mention Ham Radio Magazine and take $10 off. David A. Rice, 
KC2HO, 7373 Jessica Drive, North Syracuse, NY 13212. 


2 METER MINIATURE remote base. 60/w tube, add COR for 
repeater, with outside cabinet $75. 6 & 10 500/w base linear 
$150. Palomar 65/w mobile 10m linear $45. Palomar 1-kw 
SWR/power meter $50. K6KZT, 2255 Alexander, Los Osos, CA 
93402. 

PILOTS and Aircraft owners. Repair your own Avionics. Com 
mercial test equipment for Comm. Nav. and Pulse. Will trade 
for ham equipmeht. WA1VJ8, Don Nicolson, RR1, Box 438A, 
Jericho, Vermont 05465. (802) 899-4095. 


Foreign Subscription Agents 
lor Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Poslfach 2454 
D-7850 Loarrach 
West Germany 
Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 41G 
8-9218 Gent 
Belgium 

Ham Radio Holland 
Postbus 4i3 
NL-7800 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2084 

S-194 02 Uplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis, Ave des Clarions 
F-89000 Auxerre 
France 

Ham Radio Germany 
Karin Ueber 
Postfach 2454 
0-7850 Loerrach 
West Germany 


Canada 
Send orders to 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices in Canadian funds 
1 yr $29.95, 2 yrs $53 30 
3 yrs. $75.40 


Ham Radio Italy 
Via Maniago 15 
1-20134 Milano 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
D-7850 Loerracn 
West Germany 


Ham Radio England 
c/o R .S G .0 
Alma House 
Cranborne Road 
Potters Bar 
Hens EN8 3JW 
England 


THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays 1900Zalso 3.880 Tuesdays 
at 2359Z. Net control N5BDN, Clarksville, IN 


OLD RADIO transcription discs wanted. Any size, speed 
W7FIZ, Box 724 HR, Redmond, WA 98073-0724. 


RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, Cardiff, 
CA 92007. 


UHF PARTS, We stock GaAs Fets, Trimmers, and many of 
those impossible to find parts for the UHF builder. For exam¬ 
ple: MGF 1202 at $10.00, Finger Stock at $7.50 per 16'' strip. 
SASE brings list, Microwave Components, 11216 Cape Cod, 
Taylor, Ml 48180. 


IMRA, International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern, Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD, Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 


ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 09224. (2131 774-1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 

RECONDITIONEO TEST EQUIPMENT $1.25 for catalog 
Walter, 2697 Nickel, San Pablo, CA 94806. 


PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or write for information. A&A Engineering, 7970 Orchid Drive, 
Buena Park. CA 90620. (714 ) 521-4160. 


PACKET/ASCII/BAUDOT/CW for IBM-PC. SASE to: Emile 
Alline, 773 Rosa, Metairie, LA 70005. 


WANTED NC400 receiver. Any condition. W2PUA, 112 Tilford 
Road, Somerdale, NJ 08083. (609) 783-4175 


CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith--- Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Complete 
illustrated catalog, $2.00. Pacific Cable Co., Inc., 7325-1/2 
Reseda Blvd,#1010, Reseda, CA 91335. (818) 716-5914. 

RESISTORS any value/quantity, 1/4 watt @$.01, 1/2 watt 
@$.015 ($1.00 minimum). Quantity discounts, 1,000 + . Send 
wattage(s), value(s), quantity(s), and remittance. T.O.R.C.C.C, 
Electronics, Box 47148, Chicago, Illinois 60647. (312) 342-9171. 


CHASSIS and cabinet kits. SASE K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 


FREE Ham Radio Equipment (HF, VHF, Teletype) for non-profit 
institution willing to pick up, SASE for details. Robert Clark, 
930 Chestwood Ave, Tallahassee, FL 32303. 


CAPACITORS Ceramic disk 50 volts. All values @$0 10 plus 
$1.00 shipping per order. T.O.R.C.C.C. Electronics, Box 47148, 
Chicago, IL 60647. (312) 342 9171.*FM*3<' 


IC-25A FOR SALE: $225 or best offer. Good condition, used 
only as a mobile radio. Call Craig 1603) 878-1441, 9-5 EST, M-F 
only. 


ELECTRON TUBES Radio, TV & Industrial Tykpes-Huge 
Inventory. Call Toll Free (800) 221 5802 or write Box HR, Trans- 
leteronic, Inc., 1365 39th Street, Brooklyn, NY 11218 (718) 
633-2800. 

UPDATE YOUR ICOM 02/04AT. Expand frequency range to 
a 20 MHz window and increase scan rate by 20X. Complete kit 
$34.95 plus $3.00 shipping and handling to M.C.S., PO Box 374, 
Deerfield, IL 60015. 


CIRCUIT BOARDS guaranteed lowest quotes and Free twelve 
hour prototypes. Single and double sided boards. Small through 
large production quantities. Mail specifications. Hobbyists: any 
schematic, 6" x 9" maximum etched on a 3" x 4" board $1.75. 
(larger boards —$2.75). Send remittance and artwork or print 
your own circuit boards. Kits of all sizes. Guaranteed lowest 
prices. Basic kit $3.00. Materials for two 3" x 4" boards 
(included) or SASE for catalog T-O.R C.C.C. Electronics, Box 
47148, Chicago, Illinois 60647. (3121 342-9171. 


WORLD TOP BAND Frequency Allocations Listing. Handy 
"Top Band" operating and contains all currently available CW 
and SSB allocations for countries on ARRL DXCC list. (317 total, 
10 no authorization, 61 no information available). Also includes 
QST sent/received column for keeping track of cards. $5.50 
USA, Canada and Mexico. $7.50 elsewhere. Dennis Peterson, 
N7CKD, 4248 A Street SE, Space 609, Auburn, WA 98002 


WANTED: Heath Curve Tracer IT-3121 kit/assembled. Mission 
School needs 10 units. Call Manila, P I 832-1773 or write Mis¬ 
sion POB 1651 MCC Makati MM, P.l. 


SALE: HW101 with power supply —manual. Best offer over 150. 
Single bander (20m| offer. Both prof, wired. Excellent condi¬ 
tion. W2PUA, 112Tilford Road, Somerdale, NJ 08083. (609) 
783-4175. 

CB to 10M CONVERSIONS. FM kits, frequency modification 
hardware, books, plans, high-performance C8 accessories. Free 
catalog. CBCI, Box 31500HR, Phoenix, AZ 85046. (602) 
996-8700. 


CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C & D Electronics, PO Box 
1402, Dept. HR, Hope, AR 71801. 


RIW-19 432 MHz beams by K3IPW. SASE for information. 


COMING EVENTS 

Activities — “Places to go .. .” 


CALIFORNIA: FCC exams, Novice-Extra. Sunnyvale VEC ARC. 
(4081 255-9000 24 hour. 73, Gordon, W6NLG, VEC 


OHIO: The all new 17th Annual B*A*S*H — New Location, 
new entertainment, new food — will be held on Friday night 
of the Hamvention, April 25, 1986. The new location is in the 
Conference Center at the HARA Arena and Exhibition Center, 
(the same location as the Hamvention) starting at 7 PM. There 
is no admission charge, and free continuous entertainment. Food 
and beverages available. Two exciting top awards, and many 
others. Stay right at HARA when the Hamvention closes on Fri¬ 
day evening and meet your friends and join us for an evening 
of fun and entertainment. Sponsored by the Miami VaBey FM 
Association, POBox 263, Dayton, Ohio 45401. 


MASSACHUSETTS: Chelsea Civil Defense will sponsor Ama¬ 
teur Radio evening classes at Chelsea High School starting 
March 18, 1986. Novice, basic level ham license, Technician or 
General license. Minimal charge for materials only. For more 
information about Amateur Radio and classes write: Frank 
Masucci, 136 Grove Street, Chelsea, MAO2150, Please include 
phone number. 


INDIANA: The Morgan County Amateur Radio Association is 
sponsoring the Indiana Hamfest, March 9, Indiana State Fair¬ 
grounds Pavillion Building, Indianapolis. Admission $5.00 at the 
door. Flea market table $8.00 by reservation only. Flea market 
space, no table, $3.00, Reserved table setup Saturday, March 
8, 3-9 PM. Space setup Sunday, March 9, 6-8 AM. Free park¬ 
ing. Talk in on 145.25. For table reservations SASE before March 
1 to Aileen Scales, KC9YA, 3142 Market Place, Bloomington, 
IN 47401 (812) 339 4446. 


FLORIDA: 16th North Florida Ham/Swapfest, Saturday and 
Sunday, March 15-16, Fort Walton Beach. Admission $3.00 at 
door. XYLs and kids free. ARRL/VEC exams Saturday. Indoor 
flea market and dealers. RV parking, contact Hud Huddleston, 
925 Forest Avenue, Fort Walton Beach, FL 32548. (904) 
862-2566. 


NEW JERSEY: The Delaware Valley Radi Association's 14th 
annual Flea Market, Amateur Radio and Computer equipment, 
Sunday, March 23, 8 AM to 2 PM, New JerseyNational Guard 
112th Field ARtillery Armory, Eggerts Crossing Road, Lawrence 
Township. Advance registration $3.00 by March 10. $4.00 at 
door. Sellers bring own tables. Talk in on 146.07 .67 repeater. 
For registration and/or spaces SASE to KB2ZY, Box 441B, RD 
-1, Stockton, NJ 08559. 


NEW JERSEY: The Old Bridge Amateur Radio Association's 
annual indoor/outdoor electronic Flea Market, April 6, Knights 
of Columbus Hall, Pine Street, Old Bridge. Sellers contact Bob 
Navin, N2DFJ, at (201) 251-6449 or Sam Ugliarolo, WB2HAE, 
at (201) 583-2158. Talk in on 147.120 and 146.520. 


NEW YORK: The Westchester Emergency Communications 
Association's 2nd annual Hamfest and Electronics Fair, 
WECAFEST '86, Sunday, March 16, Westchester Community 
College, Valhalla. General admission $2.00. People under 16 
admitted free. Flea market, ham radio equipment testing, FCC 
license exams and more. Plenty of free parking. Dealer booths 
$10 each by reservation only. For reservations or information: 
WECAFEST '86, PO Box 348, Millwood, NY 10546. 


GEORGIA: The Columbus, GA, ARC will sponsdr a Hamfest, 
Saturday, March 22. 9 AM to 5 PM and Sunday, March 23, 9 
AM to 3:30 PM, Columbus Municipal Auditorium, Columbus. 
Flea market, free coffee and free parking for self-contained RVs 
(no hookups). Activities for spouses and kids. Indoor tables $6.50 
per day. Contact Joe Mills at (404) 687-3050 or CARC, PO Box 
6336, Columbus, GA 31906 for table rentals. FCC exams given 
Saturday morning 9 AM EST at the Colonial Inn. Contact Billy 
Bedgood (404) 323-5579 for exam information. Details on Satur¬ 
day night buffet dinner available at Hamfest site. Talk in on 
146.01/61. For more information: Billy Bedgood (404) 323-5579 
or Bill Haycock (404 ) 327-7345 or CARC at address above. 


NEW JERSEY: The Splitrock Amateur Radio Association’s first 
annual evening Hamfest, March 14, VFW Post 3401. Tabor 
Road, Morris Plains. Starts 7 PM. Admission $1.00. Sellers tables 
$7.00. Suggest advance booking. Free parking. Talk in on 
146.385/146.985. For information: SARA, PO Box 3, Whippany, 
NJ 07981. 


WISCONSIN: The Madison Area Repeater Association (MARA) 
announces its 14th annual Swapfest, Sunday, April 6, Dane 
County Exposition Center Forum Building, Madison. Doors open 
7:30 AM for flea market sellers and 8 AM for public. Admission 
$2.50 advance and $3.00 at the door. Children 12 and under 
admitted free. Flea market tables $5.00 each advance, $6.00 at 
the door plus admission. Advance tickets and tables by March 
31, 1986. FCC exams by Four Lakes ARC during Swapfest. 
Preregistration requested but walkins will be accepted. For infor¬ 
mation/reservations: MARA, PO Box 3403, Madison, Wl 53704 
or (608) 222-4744. 


KENTUCKY: The Lincoln Trail Amateur Radio Club's Hamfest, 
March 22, Prichard Community Center, Elizabethtown. Talk in 
on 146.38/98. For information or reservations: Hubert Hensley, 
WD4GDA, PO Box 387, Vine Grove, KY 40175 (502) 877 s 2234. 
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KANTRONICS 

M IRAGE -^ 

AEA 

SANTEC 

KDK 

NYE VIKING 

WELZ 


CALL NOW! 

1 - 800 - 328-0250 


CALL TOLL FREE FOR QUOTES 


1 - 800 - 328-0250 

1-612-535-5050 
(IN MINNESOTA-COLLECT) 

KENWOOD 

T TELEX H Y-GAIN 

KLM 



FOR ABSOLUTE 

LOWEST PRICE 
^ BUSTERS! 

BUTTERNUT 



INVENTORY REDUCTION 

PRICED TO GO! 


We must make room for your 
trade-ins. Check now for lowest prices 
on previously owned bench-tested 
equipment! 


NEW! IC0M R7000 RCVR 

Covers continuous 25 mhz lo 2 glut 
99 memories—scans—etc., etc. 

Loaded with features. Available November. 1985. 


VISA/MASTER CARD 
FREE SHIPPING 
ON MOST RIGS FOR CASH! 


S.A.S.E. FOR OUR 
‘BENCH-TESTED" 

USED EQUIPMENT LISTING 


MON-FRI 9 AM - 6 PM CENTRAL TIME 
SATURDAY 9 AM - 5 PM 


4124 West Broadway, Robbinsdale, MN 55422 (Mpls./St. Paul) 


NEW HAMPSHIRE: The annual Interstate Repealer Society's 
Ren Market. Saturday. March 15. Hudson Lions Club, Lions 
Avenue, Hudson. 9 AM to 4 PM Doors open 8 AM Admission 
51 00 Tables 58.00 each. Free parking. Talk in on 25/85 and 
52. For information or table reservations: Richard nvcrhnrt, 
WB8YGR. 25 Brlftnd Drive, Nashua, NH 03063 1603) 889 3479. 

NEW JERSEY: Shoto Points ARC invites everyone to Spring- 
test '86. Saturday, Murch22. 9 AM to 2 PM, Atlantic County 
4H Center, Egg Harbor City. Indoor soiling space and covered 
tailgating. Sellers $5.00 per day (bring own table) Buyers $2.50 
advance. $3.00 id door Talk in on 146.985 and .52. For infnr 
motion: SPARC. PO Bo* 142. Absccon, NJ 08201 

MINNESOTA: Rochester area Homiest, Saturday, April 5, John 
Adams Junior High School. 1525 NW31st St. Rochester Doors 
open B;30 AM. targe indoor Una market, radio and electronics 
items. Refreshments and plenty of free parking, Talk in on 
146.22/82. W0MXW. For information: RARC. WB0YEE. 2253 
Nordic Ct. NW, Rochester. MN 55901. 

.. 

ILLINOIS: Lamarsfost '86. sponsored by thu Libortyviile 
FiMuudiflein ARS, March 23. Lake County Fairgrounds, Grays 
fake Doors ojmn 8 AM Large indoor electronic and radio swap 
test, TatHos available by reservation, Donation $2 00 advance. 
$3 00 door Talk in on 146.52 simplex Waukegan flptr 147.63 03, 
For infoimaiion or reservations: LAMARS. Box 751, Libertyville. 
It 60048 

MARYLAND: The Baltimore Amateur Radio Club (BARCJ will 
preseui the 1986 Gfoatni Baltimore Hamboree and Computer 
lest, April6, Maryland State Fairgrounds Exhibition Complex. 
Timimium indoor flea market, large dealnis display area Out 
door tailgating. Food service, free parking. Gates open 8 AM 
Admission $4.00. Children under 12 free. For Infotmatinn: 
GBHDC. PO Bo* 95, Timoniiirn. MD 21093) 0095 13011 
56112a - ?. 


NEW JERSEY: Thu Chestnut Ridge Hadio Club's 9th annual 
Flea Market, Saturday, March 22, Education Building, Saddle 
River Reformed Church, East Saddel River Road and Weiss 
Road, Upper Saddle River. Tables S10.CO first. $5 00 each add. 
norm! Tailgating$5,00. Contact: Jack Meagher. W7EHP (201) 
768 8360 

MICHIGAN; 25th annual Michigan Crossroads Hamlest spoil 
sored by the Southern Michigan Amateur Radio Society. Satin 
day, March 22, Marshall High School, Marshall 8 AM to 3 PM 
Setup 6:30 AM Ticketr. $2.00 at door. $1,50 advance. Table 
space SO cents/foot. For reservations SASE to SMARS, PO Box 
934. Battle Creek, Ml 49016 o. phone Wes Chaney, N8BDM 
(6161 979-3433. Amateur Radio license exams. Novice through 
Extra, given at Hamfest Pum-yisiration requested hut welkins 
will he accepted Send Form 610, SASE $4.00, check m MO 
to ARm /VEC: License Exam, PO Rox 2. Pleasant l.rtke. Mi 
49272 


MASSACHUSETTS: The MIT UHF Repeater Association and 
the Mil Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday. March 19. 1986.7 PM, MIT Room 
1-134, 77Mass Ave. Cambridge, MA. Reservations requested 
2 days in advance. Contact Ron Hoffmann 1617) 
253-5820/646-1641 or Ctaigo Rodgers at 225-6616. Exam feu 
$4 00 Bring copy of current license, 2 forms of picture ID and 
completed form 610 {available from FCC in Boston 223 6609) 

MICHIGAN: Dm South Eastern Michigan Amateur Radio 
Association (SEMARA) will hold Us 28th annual Handout Swap 
and Shop, April 6, 8 AM to 3 PM, Grasse Pointo North High 
School. 707 Vernier Hoad.GfO«se Pointo Wood:;. Advance 
tickets $1.00. At the door $3.00 Advance tables $8.00. At thu 
Coor $10.00. ARRL, DX and RTTY forums. Talk in on 147.75/. 15 
arid 146.52. For information SEMARA Manifest, PO Box646. 
St. Cluir Shores. Ml 48080 ot phone Fred Lewis NK8M (313) 
881 0187. 


OPERATING EVENTS 

“Things to do . . 

MARCH 2: From Alamo Plaza, San Antonio. Texas, next to the 
Alamo. W5SC will operate a special event station to celebrate 
Texas Independence Day as pad of the Texas Susqutcenlen 
Dial activities. 06Q0Z to 06002. 10. 15 and 20 meters, lower par 
lions ol General CW and voice bands. QSL and No 10 SASE 
to W5SC. 90 8rces Blvd., San Antonio, TX 78209 

MARCH 22 The Macon Amateur Radio Club. W4BKM, wjJJ 
operate special event station from the Cherry Blossom Festiva 
tin Macon. Georgia, the Cherry Blossom capital of the world 
10 AM to 5 PM EST For a Cherry Blossom eortificnie. send largo 
SASE to Mona Wiyhenny(on. N4MPR, 2898 Williamson Drive, 
Li/olla. GA 31052 

1966 marks the SOth anniversary of the Greater Cincinnati 
Amateur Radio Association. A number of special events 
arc planned. Watch for announcements here. 


CHARGE 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 






6 ° 

<c^ 



Keep those valuable 
Issues of Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Bind 'em 
together and enjoy 
lor years to come. 
You'll be happy you 
did! 


HAM RADIO BINDERS 

Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col¬ 
lection of Ham Radio. Year 
stickers included. 

□ HR-BDL $6.95 ea. 

3 for$17.95 

Please add $3 50 for shipping 
and handling. U S, only 
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GREENVILLE, NH 03048 
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P by Ernie Guerri, W6MGI 


millimeter waves 
part II: applications 

Last month I discussed the domain 
of millimeter waves and some of the 
components used in this emerging part 
of the spectrum. This month we'll look 
at a variety of applications and see why 
there's so much interest, in profes¬ 
sional circles, in moving into the mm 
wave region. 

Military applications continue to lead 
the way in mm wave activity. Of spe¬ 
cial value to the military is the fact that 
mm waves are more difficult to inter¬ 
cept than microwaves because of the 
very narrow beams of the antennas 
used at mm-wave frequencies. This 
advantage, combined with considera¬ 
ble spectrum available for frequency¬ 
hopping, makes for LPI (Low Proba¬ 
bility of Intercept). The fact that rela¬ 
tively low power is used for many cur¬ 
rent mm wave applications is actually 
a benefit because it makes the 
unwanted detection of signals even 
more difficult. It should be noted, 
however, that special tubes that can 
deliver 500kW of peak pulse power at 
100GHz are available! 

Military applications should be of 
particular interest over the next several 
years, as high-tech countries gain sig¬ 
nificant advantage in key electronic 
areas by virtue of their ability to imple¬ 
ment mm wave technology. 

commercial, scientific 
applications 

The principal commercial applica¬ 
tions for mm waves will be the same 
as for microwaves — telecommunica¬ 


tions and data transmission. The mm 
region opens some significant oppor¬ 
tunities in very wideband data/video 
transmission that were difficult to 
accomplish in the microwave region 
because of spectrum crowding and 
antenna beamwidth considerations. 
As computer graphics become an 
essential part of business communica¬ 
tions, the relatively wide bandwidths 
needed for animated graphics can eas¬ 
ily be accommodated in the region 
above 30 GHz. We can also expect 
that the fidelity with which complex 
waveforms can be transmitted in the 
mm region will give rise to new cod¬ 
ing techniques that will permit more 
efficient spectrum utilization, lower 
error rates, and greater data security 
than has previously been possible. And 
— as if we weren't already up to our 
ears in data — there will be a vast 
expansion of telephone, FAX, and 
real-time video capacity with simpler, 
smaller terminals. 

The management of Earth's 
resources and related scientific appli¬ 
cations will also benefit from develop¬ 
ments in the mm region. Experiments 
have already confirmed that mm-wave 
radar, combined with synthetic aper¬ 
ture techniques, can yeild details of the 
Earth's surface, and sub-surface, that 
weren't even detectable with micro- 
wave techniques. 

One scientific domain that will reap 
special benefit is deep space radio- 
astronomy. Because the Earth's 
atmosphere attenuates so much of the 
mm region, very little data on inter- 
galactic radiation in this part of the 


spectrum exists. As more mm equip¬ 
ment becomes available for Space 
Shuttle missions or orbital laboratories, 
a whole new "picture" of the structure 
of space, and of the physical mechan¬ 
isms at work, is likely to emerge. 

Another especially promising area 
for practical applications of mm wave 
technology is air transport safety. 
Because of the excellent spatial reso¬ 
lution and high doppler rates possible 
at radar frequencies above 30 GHz, 
small, lightweight aircraft collision- 
avoidance systems (CAS) will become 
more practical and accurate. CAS 
depends on knowing the position of 
potentially dangerous encounters with 
extreme accuracy and on having 
dependable information regarding the 
direction and closing rate of oncoming 
aircraft. These technical requirements 
are made to order for the characteris¬ 
tics of mm waves. 

Last, but not least, are possibilities 
just now being observed in medical 
and biological research. Some 
researchers have noted that the very 
shallow tissue penetration of low- 
power mm waves can give a "radar" 
image of thermal activity, blood flow, 
and other physical and neurological 
functions that is not possible with 
more conventional techniques. This is 
very new work, and reliable data is 
being developed by only a handful of 
investigators. However, a few pioneers 
are wasting no time in exploring the 
prospect that this new RF domain can 
bring improved levels of health and 
well-being to all of us. 
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dual roles 


When is an "amateur" not an "amateur?" One possible definition is when he applies his knowledge and uses it 
in a technical trade such as Engineering or Science. At the recent RF Technology Expo 86 (January 30-February II, 
thousands of similarly interested technical individuals got together for three days in Los Angeles to discuss the latest 
developments in the RF communications field. The technical exhibition, sponsored by rf design, featured technical 
forums in which 79 papers on HF through microwave subjects were presented and an exhibition by 133 manufacturers 
and their representatives who displayed their wares, from crystal oscillators through interactive computer-aided design 
applications and software. 

Just a brief scan of the titles of some of the papers presented at the show reveals topics of considerable interest 
to Radio Amateurs. For example, Eyring Research Institute showed the proper way to evaluate HF antennas on a large 
scale. Believe me, their antenna "test bed," instrumentation, and procedures had many in the audience on the edge 
of their chairs, taking in every word for possible use — on a more limited basis, perhaps — back at their own QTH. 
Actually, many of the engineers who remained after the end of this session in order to dig for more facts turned out 
to be Radio Amateurs who happened to be engineers as well. It was difficult to tell which aspect of their experience 
elicited more questions — the "amateur" or "commercial." 

Which brings me to my main point. The engineers and scientists at the show were, in many cases. Radio Amateurs 
who, over the years, had been able to combine their interest and avocation to the mutual benefit of both. That a con¬ 
nection exists was further indicated by several speakers who quite independently mentioned that they find both rf 
design and ham radio good sources of HF communications information. 

"But wait a second," you say, "what do our interests have in common with the topics discussed at the show? To 
answer that question, take a look at this abbreviated list of some of the topics covered: 

Choosing the right crystal and oscillator 
High efficiency power amplifiers 
IM, phase noise, and receiver dynamic range 
High pass filter design 

Increasing the bandwidth of helical, antennas 
How to make simple test equipment 
New low-power SSB circuits 

Designing combline and interdigital, bandpass filters 
How to bias RF and microwave transistors 
Wideband modules using FETs 

Practical, wideband RF power transformers, splitters, and combiners 
RF power amplifier design 
Understanding RF transistor data sheets 

1-kW, solid-state L-band amplifier IWhat about you 1296 fans?) 

Broadband HF antenna testing 

ACSSB and SSB communication receiver testing 

RF circuit design using interactive computer-aided graphics 

Wideband high dynamic range front-ends 

High-Q inductors using powdered iron cores 

If you're interested in reading any of the 79 papers, the complete set* has been bound into a 2-inch thick compen 
dium that weighs in at approximately 4 pounds. (I should know, I carried mine around with me for the entire three days.) 

If you find some of these "engineering" topics of special interest, let me know . . . perhaps some of the authors 
would be interested in writing for ham radio. 

I truly believe that as a result of intense interest and hard work on the part of many Radio Amateurs, great strides 
have been made in the most technically demanding fields of communications and will continue to be made by those 
individuals sharing this dual role. 


Rich Rosen, K2RR 
Editor-in-Chief 


'For information, contact Cardiff Publishing, 6530 South Yosemite Street, Englewood, Colorado 80111 (303-694-1522). 
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SIGNIFICANT IMPACT DN THE “E LEC TRONIC COMMUNICATIONS PRIVACY ACT" appeared likely as a result 
of the January 30 House subcommittee meetings in Washington. Strongly supporting the bill were 
two spokesmen for the telephone system and a Tandy representative — though Tandy's speaker was 
teamed with ARRL and the Association of North American Radio Clubs (ANARC) in the apparent 
belief Tandy would oppose the bill as scanner supporters. However, Tandy came out in favor of 
it from their position as a cellular telephone supplier. 

ARRL Shifted From It s P rev ious P os i tio n That Exempting Amat eur Radio satisfied League 
concerns; Perry Williams, W1UED, while approving the exemption, pointed out that Amateurs — 
and others, as well — have many legitimate reasons to listen across the radio spectrum and the 
bill would make many such activities illegal. Probably the most telling testimony came from 
ANARC s Terry Colgan, WD5GWC, who not only pointed out various fallacies in the bill when 
applied to radio communications but demonstrated how effective and inexpensive available 
encryption devices are. (An article on the hearing will appear soon in Ham Radio .) 

THE C ONIC BOOK PROMOTION FOR AM ATEUR RAD IO being funded by the Amateur Radio industry is 
moving along well, ARRL's Dave Sumner, K1ZZ, reported at a February 7 meeting during the Miami 
Tropical Hamboree. The group decided to proceed with a story line based on the popular “Archie 
and His Friends" strip, with final approval in the near future. 

L ac k of Wei1-Qualified Amateur Rad io Ins tructo rs is a major problem in effective training and 
growth, Gordon West, WB6A0A, told the group. He proposes a program, possibly through the ARRL, 
to promote instructor training. Dealer involvement in Amateur Radio promotion was also 
considered. The next industry group meeting is set for April 24 in Dayton. 

MODU LATED CW I S NOW PE RMI TTED ON 10 METERS, but only from 29.5-29.7 MHz. Acting on PR Docket 
85-168 at its February 19 meeting, the FCC authorized F2A emission on the band's top portion in 
order to enable repeaters to identify using Morse code (effective date: April 23). 

THE "PACIF IC AREA COORDINATIO N ASSOCIAT I ON" is a newly formed regional VHF—UHF effort to 
promote wide-area coordination. Organizer WA6DPJ has sent invitations to coordinators west of 
the Continental Divide; send SASE to Box 23183, Pleasant Hill, CA 94523 for details. 

Mississippi Wil l Retai n 15 kHz Spacing On 2 Meter s' top end. Southern California is now the 

only area of the country to use inverted 15 kHz splits on 2 meters, following a shift to 
"upright" splits by repeaters in western Colorado. 

Norther n Californi a Could Shift To 20 kHz Spac ing on 146-148 MHz and still accomodate all 
existing repeaters in its area, the Northern California Relay Council (NARC> reports. The plan 
will be considered at NARC's April 5 meeting in Sacramento. 

N ARC H as Also Pro pose d A 33-c m Ban d Plan that is essentially identical to the ARRL's interim 
plan developed by the VUAC. A push seems to be building within the VUAC to come up with a 
satisfactory final plan for the new 902-928 MHz band. 

Repeater Coord ination And Spectr um Management Will Be The Subj ects of an on-going workshop 
during the Dayton Hamvention weekend. Location and other details of this crucial activity may 
not make the printed program, so check with Hamvention officials upon arrival. 

REPLACEMENT OF THE GMR S W ITH A NEW "CONSUMER RAD IO SERVICE" was proposed by the FCC in a 
Notice of Inquiry adopted January 30. A total surprise to the GMRS's sophisticated and well 
organized users, the proposal apparently stemmed from a synthesis of the GMRS's own proposal to 
expand its utility through new technologies and from the Commission's desire to establish a new 
short-range quality radio service for the general public. After previous efforts to find 
spectrum for such a service in the 900-MHz band fell flat, the FCC apparently decided that 
GMRS's two 200-kHz slots in the 460 MHz band was an acceptable alternative. 

“P er sonal Directed Cornmunications'' I s The Apparent Direction of the FCC *s thinking, employing 
"user transparent" sophisticated portable equipment "designed to control users' actions 
automatically." They also ask whether "one-way" (paging) should be included, and for 
suggestions as to how much and what kind of automation should be included. 

GMRS Licensees And Users Are Extremely Up s et , and understandably so, with their well 
established system of repeaters, mobiles, and portables — very active in personal, business 
and public service communications — threatened with extinction. 

Com men ts On PR Docke t 86 - 38 Are Due At The FCC M ay 30. and the Reply Comments June 30. 

U ser -Froqramm able Land Mobile Radios May Be Banned as a result of a Notice of Proposed Rule 
Making approved by the Commissioners at their January 30 meeting. In response to complaints of 
interference from radios reprogrammed to unauthorized frequencies, PR Docket 86-37 would 
prohibit the FCC from type accepting Part 90 radios operating above 25 MHz that have external 
frequency control. Though it's known at the FCC that many synthesized Amateur radios are 
reprogrammable to non-Amateur frequencies, Part 97 equipment wasn't included. 

21 SCHOLARSHIPS FOR STUDENTS WITH GEN ERAL OR HIGHE R LI CENSES are available from the 
Foundation For Amateur Radio. Write FAR, 6903 Rhode Island Ave., College Park, MD 20740. 
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comments 

spreadsheets for EME 

Dear HR: 

I enjoyed KE6ZE's informative article 
on EME ("EME-link Calculator Pro¬ 
gram," February, page 70). By a very 
odd coincidence I used the same equa¬ 
tion from the ARRL Handbook to illus¬ 
trate the convenience of spreadsheet 
programs for difficult calculations in an 
article in the same month's QST. 

I hope that those readers who can 
compare David Engle's program writ¬ 
ten in BASIC with my speadsheet tem¬ 
plate will comment on the relative 
merits of the two approaches. It is, I 
think, important for hams to show 
leadership in matters of this sort which 
test techniques of immediate impor¬ 
tance for technology. 

My prejudice, of course, is that the 
spreadsheet is faster, allows for eas¬ 
ier correction of errors, and has more 
versatility in printing results, than pro¬ 
grams written in traditional program¬ 
ming languages. 

I would be pleased to hear your 
readers' opinions. 

Dick Ward, KC80H 
East Detroit, Michigan 


understanding 

telephones 

Dear HR: 

Thank you for the many articles 
such as "Understanding Telephones" 
(by Julian Macassey, N6ARE), which 
appeared in the September issue. 

Please do not assume we should 
know it. Print it. 

Owen Zweiger, KD7WL 
McMinnville, Oregon 


propagation disks 
available 

Dear HR: 

Response to my VHF propagation 
articles (July, 1985 and January, 1986) 
has been surprising, with dozens of 
hams requesting my program on disk 
for the Commodore 64. Because of re¬ 
quests from owners of other com¬ 
puters, I now have a working version 
ready for the IBM-PC. 

I will supply a disk with the complete 
program (VHF through L-Band) in an 
IBM-PC format for $8.00. 

Lynn Gerig, WA9GFR 
Route 1 

Monroeville, Indiana 46773 


cable comments 

Dear HR: 

Joe Reisert's column, "VHF/UHF 
World," in the October, 1985, issue of 
ham radio, is one of the best synopses 
on coaxial cable that I have read in 
Amateur publications, and, for that 
matter, in industry publications in 
some time. My sincerest compliments 
and congratulations. It was obvious 
that W1 JR made some extra efforts in 
trying to document and assemble the 
information. 

Two comments that I should like to 
make with respect to his article are not 
a reflection of my current job descrip¬ 
tion and/or position. Rather, they are 
a reflection of my past experience as 
a product engineer with specific 
responsibilities of developing and 
obtaining MIL-SPEC qualification on 
coaxial cables. 

On page 89, Joe indicates avoiding 
the contaminating types of jackets at 
all costs. 

Yes, I agree with his basic position 
("Don’t be penny-wise and pound- 
foolish") but at the same time, his 
position does cost the average Ama¬ 
teur Radio Operator some unnecessary 
dollar expenditures. The difference 
between contaminating and non¬ 
contaminating jackets is the amount of 
plasticizer in the vinyl compound, 
which then provides flexibility at low 


temperature extremes. It has been my 
experience in laboratory environments 
with so-called contaminating jackets 
that circulating ovens of 120 degree C 
(which is more than adequate temper¬ 
ature to drive out plasticizers) after 
seven days shows only a minimal 
amount of plasticizer migration. Out¬ 
side of the laboratory environment, I 
personally have not experienced 
plasticizer migration problems with 
coax, both buried and fully exposed to 
the elements. After eight to 10 years 
of service, no attenuation increases. 

At the same time, I have examined 
many pieces of coaxial cable in which 
plasticizer migration and/or contami¬ 
nation has been submitted as the 
cause of high attenuation. To date I 
have not seen a piece of coaxial cable 
in which that has been the cause of 
high attenuation in real-life operation. 
It has always been water and moisture 
getting into the cable. Water and mois¬ 
ture entry most commonly come about 
from inadequate sealing at the connec¬ 
tor ends of the cable and/or cuts or pin 
holes caused by abrasion to the jacket. 
Yes, I see WIJR's point — and I have 
heard the myth many, many times 
throughout my active days as an 
engineer and in my current position as 
well. 

One other small picky comment is in 
the last part of his article on page 91. 
He indicates that CATV transmission 
line is typically specified up to 350 
MHz. This typical specification has to 
do only with structural return loss, 
which is a test for periodicity, which 
causes frequency suck-out. His advice 
is quite proper, then, to test it at the 
frequency of interest before installing 
it, but specifications up to 350 MHz 
have nothing to do with power han¬ 
dling capabilities and/or attenuation 
characteristics. 

Once again, as an active and 
involved Amateur Radio Operator for 
better than 25 years, a tip of my hat 
for a fine article. 

Ronald L. Steir, W9ICZ 
Marketing Director 
Belden Electronic Wire 
and Cable 
Richmond, Indiana 47375 
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introducing 

satellite communications 


Basic information 
to get you started 

Do you want to access a new Amateur band 
that's always open when it's supposed to be? A band 
that doesn't fade away without warning, that makes 
DX contacts sound like locals, and has no skip zones? 

Listening to, or working through Amateur communi¬ 
cations spacecraft isn't difficult, but most newcomers 
simply don't know how to go about it properly. Not 
sure of what they're doing, they usually achieve dis¬ 
appointing results; deciding that the amount of effort 
invested must be so much more than the results 
achieved, they give up and go back to their regular 
haunts, where they can usually at least find someone 
to talk to. This is a shame, because satellites have 
come of age and commercial equipment is as readily 
available for the satellite bands as for the regular HF 
or VHF bands. You can buy or roll your own, but in 
either case — just like on 20 meters or the other HF 
bands — you have to have some knowledge of what's 
going on if you're going to get the maximum enjoy¬ 
ment out of the equipment. 

terminology 

A communications satellite is basically a repeater in 
the sky. It receives signals transmitted up from the 
ground on one Amateur band and retransmits the 
same signals down to the earth on a second Amateur 
band. It's part of a communications link between two 
Amateur stations on the ground as shown in fig. 1; 
signals on their way up to the satellite are said to be 
uplinked by stations on the ground while the corre¬ 
sponding signals coming down from the satellite are 
being downlinked. As the satellite orbits the earth it 
passes over different locations; the point immediately 


beneath the satellite at any time is called the subsatelr 
lite point. 

The area of the earth's surface that the satellite can 
"see" depends on its altitude; the higher it is, the more 
it can see. A commercial communications satellite in 
a high altitude over the equator can see about one third 
of the earth's surface. A satellite at a low altitude sees 
much less. 

Any station that the spacecraft can see, can see the 
spacecraft. When a station can see the spacecraft, it 
is said to be in range. Thus any two stations in range 
of the satellite at the same time are said to have a win¬ 
dow into the satellite and can communicate through it. 

Most orbits are elliptical rather than circular. The 
highest point above the surface of the earth in the orbit 
is called the apogee ; the lowest point of that same 
orbit is the perigee. 

Even though the orbit of the satellite is fixed, the 
earth rotates beneath it. The time it takes for the sat¬ 
ellite to travel once around its orbit from the place 
where the sub-satellite point crosses the equator to 
the next time the sub-satellite point crosses the equa¬ 
tor going in the same direction is called the period of 
the orbit. When the sub-satellite point has returned 
to the equator, the point on earth that was previously 
below it will have moved away because of the rotation 
of the earth; consequently, a new location will be 
beneath it. The number of degrees of longitude that 
have passed by during this time is known as the orbital 
increment (see 9- I. The first orbit of the day is 
known as the reference orbit. 

Earth stations will see different parts of different 
orbits as shown in fig. 3. The azimuth, or horizontal 
bearing and elevation angle to the spacecraft, will 
change with the orbit. The spacecraft will appear to 
rise above the horizon when it enters the range of the 
ground station. The time at which the spacecraft rises 
above the horizon is called Acquisition Of Signals, or 

By Joe Kasser, G3ZCZ, P.O. Box 3419, Silver 
Spring, Maryland 20901 
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/40S. The position of the satellite in the sky as seen 
by the ground observer will change as it passes along 
its orbit, rising higher and passing across the sky, get¬ 
ting lower, and then finally setting on the horizon. The 
time at which it sets beneath the horizon of the ground 
station is known as Loss of Signals, or LOS. 

The path traced by a satellite in the sky as seen by 
a particular ground station will vary according to the 
type of orbit. The path traced by a satellite in a circu¬ 
lar orbit will usually approximate a section, or chord, 
of a circle. The path traced by a satellite in an ellipti¬ 
cal orbit will depend on the apogee and perigee of the 
orbit and how close the observer is to the subsatellite 
point. 

characteristics of satellite signals 

In order to copy signals from satellites, we first need 
to know a little about the types of signals we're trying 
to receive. At any particular time, an observer on the 
ground may see the satellite in any direction with 
respect to the horizon (azimuth) and at any altitude 
between the horizon and a point directly overhead (ele¬ 
vation). This means that signals from various satellites 
arrive at a receiving station from any angle in any 
direction. 

Radio waves are generated in a polarized manner. 
Conventional Amateur station antennas may gener¬ 
ate vertically or horizontally polarized signals, depend¬ 
ing on the position of the antenna with respect to the 



April 1986 GS 11 




MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 



WITH TEC-200 FILM 

JUST 3 EASY STEPS: 

• Copy circuil on TEC-200 film using 
any plain paper copier 

• Iron film on lo copper clad board 

• Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8'/j xll size 

5-Sheets for $3.95 
„ 10 sheets only $5.95 

add SI 00 postoflt' - NY res add sales la* 

The MEADOWLAKE Corp. 

Dept. B, P.O. Box 497 
Northport, New York 11768 


TYPICAL SATELLITE ANGLES FOR ONE GROUND LOCATION ON ONE DAY 


OSCAR-9 OSCAR-11 


U.T.C. 

AZIMUTH 

ELEVATION 

U.T.C. 

AZIMUTH 

ELEVATION 

hhmm:ss 

DEGREES 

DEGREES 

HHMMlSS 

DEGREES 

DEGREES 

1330:00 

102 

10 

0824:00 

359 

5 

1332J00 

68 

14 

0826:00 

350 

15 

1334:00 

35 

9 

0828:00 

327 

31 

1336:00 

16 

2 

0830:00 

269 

38 

1300:00 

194 

1 

0832:00 

231 

21 

1302:00 

207 

10 

0834:00 

218 

9 


OSCAR-10 



RS-7 


U.T.C. 

AZIMUTH 

ELEVATION 

U.T.C. 

AZIMUTH 

ELEVATION 

HHMM.’SS 

DEGREES 

DEGREES 

HHMM:SS 

DEGREES 

DEGREES 

1600:00 

256 

7 

1856:00 

347 

5 

1700:00 

240 

12 

1858:00 

344 

12 

1800:00 

236 

10 

1900:00 

340 

21 
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fig. 3. Typical satellite azimuth and elevation angles for various passes as seen by 
a representative ground station. 


ground. If the radiating elements are horizontal, the antenna is said to be generat¬ 
ing horizontally polarized signals; conversely, if the elements are vertical, the 
antenna is vertically polarized. The same polarization also holds for reception. 
Thus, vertical antennas receive vertically polarized signals best and horizontal 
antennas receive horizontally polarized signals best. True vertically polarized 
antennas will copy little or no horizontally polarized signals. Two-meter and other 
VHF/UHF FM antennas are vertically polarized, while base stations working SSB/ 
CW use horizontal antennas. This is because automobile antennas are vertically 
polarized, and the mobile stations put weak signals into horizontal antennas. (In 
the early days of mobile radio communications, Amateurs fitted "halo” antennas 
on their cars to send and receive horizontally polarized signals in order to be com¬ 
patible with the base stations. When the mobiles using FM began to outnumber 
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the fixed stations, there was no further need to use 
horizontal polarization and verticals became the rule. 
Nowadays, any base station that wants to use FM has 
to use vertical polarization. 

On the HF bands both types of antennas are used 
interchangeably and everyone manages to work every¬ 
body. This is because the polarization of the radio 
waves changes as the signals pass through the iono¬ 
sphere. A process known as Faraday rotation rotates 
the polarization of the signals. The signal as received 
on the ground is not entirely vertically or horizontally 
polarized and as such may be copied at somewhat 
lower signal strength on any antenna. Perhaps the 
good performance of quad antennas is due to their 
having both vertical and horizontal elements. When 
conditions in the ionosphere are changing, the 
received signals may appear to fade — i.e., get weaker 
and stronger as the plane of polarization is rotated by 
the ionosphere. 

Satellite orbits are outside the ionosphere, which 
means that signals from the spacecraft are affected 
by the ionosphere in a manner similar to that which 
affects conventional terrestrial signals: the polarization 
of their signals changes. Conventional contacts tend 


to use the same part of the ionosphere. The iono¬ 
sphere is not a constant layer above the earth, of 
course, but is instead made up of patches, or clouds. 
Since the satellite is moving, its uplink and downlink 
signals will pass through different parts of the iono¬ 
sphere at different times, and the effects of the iono¬ 
sphere on the signals will differ as time passes, as 
shown in fig. 4. 

Not only does the ionosphere refract radio waves 
and change their polarization, it may also attenuate 
signals or even absorb them. As the spacecraft travels 
along its orbit, it may be spinning or tumbling, or the 
satellite itself may shield the on-board antenna from 
the receiving station. Because of the limitations of its 
equipment, the transmitter on the space vehicle is 
transmitting at a relatively low power — less than 10 
watts output. Consequently, signals from satellites 
may arrive at the ground from any direction in azimuth 
or elevation, with any polarization, and at any signal 
strength (usually very weak). All these may, and usu¬ 
ally do, vary as a function of time. 

an ideal satellite receiving antenna 

The ideal antenna for copying satellite signals should 
be rotatable in azimuth and elevation in order to cope 
with all the possible directions from which signals may 
arrive. It must be immune to changes in polarization 
if it is to cope with horizontal, vertical, and in-between 
polarization caused by Faraday rotation in the iono¬ 
sphere. It must also have a reasonable amount of gain 
in order to cope with the fading in the already weak 
signals generated at the satellite. 

Vertical and horizontal polarization are two kinds of 
linear polarization. Radio signals can also be circularly 
polarized. A circularly polarized antenna will respond 
equally to horizontally or vertically polarized signals — 
that is, changes in the plane of polarization will not 
be detected. Circular polarization also comes in two 
kinds, left-hand and right-hand (clockwise and 
counter-clockwise). To compound the problem, 
lefthand circularly polarized signals are not well 
received on righthand circularly polarized antennas and 
vice-versa. 

antennas in common use on 10 meters 

Figure 5 lists the commonly used bands in the Ama¬ 
teur Satellite Service. The most commonly used 
downlink bands are 10 meters, 2 meters and 70 cm. 
The first band combination that most people try is the 
10-meter downlink and the 2-meter uplink commonly 
known as Mode A. This is because they usually have 
10-meter capability in their stations and can thus 
attempt to copy the satellite without adding too much 
equipment. 
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800-4-S ATM ANi 


1. ASSIGNMENTS 

10 METERS 29.3 - 

2 METERS 145.8 - 1 

70 CENTIMETES 435.0 - 4 

2. SATELLITE TRANSPONDERS 


29.55 MHz 
146.00 MHz 
438.00 MHz 


SPACECRAFT 


OSCAR 6 A 
OSCAR 7 A 
OSCAR 7 B 
OSCAR S A 
OSCAR 8 J 


145.85 - 145.95MHz 
145.85 - 145.95MHz 
432.125 - 432.175MHz 
145.85 - 145.95MHz 
145,90 - 146.00MHz 


29.45 - 29.55MHz 
29.40 - 29.50MHz 
145.975 - 145.925MHz 
29.40 - 29.50MHz 
435.10 - 435.20MHz 


The data supplied on AMSAT - OSCARs 6 - 8 is for historic purposes as 

the spacecraft are no longer operational. 


CURRENTLY ACTIVE 

AMSAT - OSCAR 10 B 
AMSAT - OSCAR 10 L 
RS - 5 A 
RS - 7 A 


435.05 - 435.15MHz 
1269.05 - 1269.85MHz 
145.91 - 145.95MHz 
145.96 - 146.00MHz 


145.95 - 145.85MHz 

436.95 - 436.15MHz 
29.41 - 29.45MHz 
29.46 - 29.50MHz 



NEW 24 Page 
Buyer’s Guide 
With Guaranteed 
Lowest Prices 

• Explains all about FREE 100 
channel Satellite TV and how 
to shop for an earth station! 

•Lists GUARANTEED 
LOWEST PRICES...we will 
not be undersold, save 30-50 a /o 
over local dealer prices! 

•Tells how to easily and quickly 
Install-Your-Own earth station 
and save $400 or more! 

•Shows how to demonstrate and 
sell earth stations from your 
home and earn extra money! 

uniden »>«««*> 


The new SATMAN Buyer’s Guide is :t necessity lor any 
prospective or current earth station owner who wants 10 
save big money on name brand satellite products and 
also earn some extra money. Buy direct, Do-It- 
Yourself, and save with SATMAN. Toll free ordering, 
no sales tax 111., only), major credit cards accepted, huge 
in-stock inventories available, and fast UPS shipping 
anywhere m U.S. Check with SATMAN before you 
buy... HV will not he undersold! Call now for your free 
24 page SATMAN Buyer's Guide. 

1-800-4-SATMAN 

1-309-692-9582 Illinois 


® SATMAN 


FUTURE <PROPOSED) SPACECRAFT 



For launch in early 1986 


RS - 9/10 
RS - 9/10 
RS - 9/10 


145.96 - 146.00MHz 
21.26 - 21.30MHz 
21.26 - 21.30MHz 


29.46 - 29.50MHz 
29.46 - 29.50MHz 
145.96 - 146.00MH2 


The RS spacecraft have been ground tested and are due for launch 
in 1986. 


FUJI - 
FUJI - 


143.83 - 143.93MHz 
1267.55 - 1267.75MHz 


29.40 - 29.50MHz 
436.00 - 435.80MHz 


The FUJI spacecraft is being built in Japan under the control of 
JAMSAT, a group of Japanese Radio Amateurs. 


The ARSENE spacecraft built by a group of French Radio Amateurs 
i5 supposed to be launched in the demonstration flight of the 
ARIAME 4 rocket in 1986. It will contain a Mode B transponder. 

AMSAT -PHASE 3C 

The AMSAT Phase 3C spacecraft is also scheduled for launch in mid 
1986. It will contain a Mode B transponder as well as other 
transponders having either uplink or downlink capability on the 
higher frequency bands. 

AMSAT has a policy of not obsoleting user equipment, so mode B 
will be around for a long time. As mode A Is an excellent 
introductory mode, it can be expected on any further general 
purpose Phase 2 type spacecraft. The Russians also tend to 
favour hf so mode A and possibly mode K will also be around for a 
wh I 1 e. 

fig. 5. Commonly used satellite communications bands. 


Once you’re hooked on receiving, the price of a transmitter usually becomes 
a justifiable expense. Although putting together a minimal receiving and transmit 
ting station isn’t difficult, steerable antennas for the 10-meter band are relatively 
large. Therefore relatively few Amateurs can steer their 10-meter antennas in 
both azimuth and elevation. Steerable antennas for 2-meters and 70 cm are much 
smaller and as a result, more manageable. 

Antennas in common use on the IO meter band include verticals and multi¬ 
element beams optimized for working DX. As such, they have very good 
responses to signals arriving from low angles but are not at all suited for signals 
arriving at high angles. Vertical antennas respond to low-angle radiation from 
all directions, while beams respond to low-angle signals from the direction in 
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fig. 6. Typical antenna radiation patterns: 

A. Vertical 

B. Beam or Quad 

C. Horizontal dipole 

D. Turnstile. 
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which they happen to be pointed. Stations using these 
antennas have trouble hearing signals arriving from 
higher angles. 

Conventional literature has touted the turnstile, or 
crossed dipole antenna, as the answer to the problems 
of satellite reception at 10 meters. It has circular polar¬ 
ization and a high-angle response pattern. It does very 
well when the satellite is located at elevations greater 


than about 30 degrees as seen by the observer, but 
has a poor response to signals arriving at low angles 
(close to the horizon). Typical radiation patterns for 
these antennas are shown in fig. 6. 

Most Amateurs who have problems working Mode 
A fall into one of two categories. The first category 
includes the VHF/UHF operator who decides that sat¬ 
ellites offer both a technical challenge and increased 
opportunity for some exciting DX. This operator usu¬ 
ally has excellent linear (horizontal or vertical) pola¬ 
rized antennas for the 2-meter uplink bands but has 
nothing for 10 meters. Reading that a turnstile can be 
a simple, effective device for reception, he builds one 
and finds that, sure enough, he can hear something. 
It may be weak, but, by golly, those signals are com¬ 
ing from outer space! 

Step back for a minute and analyze this situation 
as sketched in fig. 7. The uplink antennas on 2 meters 
can put a powerful signal into the satellite when it's 
at low angles of elevation as seen by this operator. 
His downlink antenna, however, receives best when 
the satellite is at a high angle. In other words, when 
he can hear it, he can't access it . . . and when he 
can access it, he can't hear it — meaning, he cannot 
hear himself. 

The second type of Amateur who decides to have 
a go at satellite operation is the HF operator, who 
usually has a good beam antenna for 10 meters. Read¬ 
ing that a turnstile antenna is a good choice for satel¬ 
lite operation, he builds one and uses it. Now analyze 
this situation as sketched in fig. 8. The uplink antenna 
on 2 meters puts a weak signal into the satellite when 
it is at low angles of elevation as seen by this opera¬ 
tor. His downlink antenna, however, receives best 
when the satellite is at low angles. In other words, 
when he can hear it, he cannot access it. .. and when 
he can access it, he cannot hear it — meaning that 
he cannot hear himself. Although this is the inverse 
situation to that of the VHF/UHF operator it has the 
same characteristics: both are "alligator operators" — 
all mouth and no ears. 

There is a third category: the apartment dweller who 
cannot put up HF antennas at all. This type of opera¬ 
tor can usually install some kind of VHF/UHF array 
on a balcony and work Mode B quite well. But when 
he tries Mode A, he has problems because of the size 
of his 10-meter receiving antenna. 

It's no surprise, then, that the vast majority of Radio 
Amateurs who decide to become active in satellites 
have trouble working them at first. 

matching uplink and downlink 
antennas 

In order to get the most enjoyment out of satellite 
operation, it’s necessary to match the uplink and’ 
downlink antennas. Before doing this, however, it's 
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necessary to consider other aspects of the satellite 
communications path. 

The Earth-Satellite-Earth ccommunications link is a 
line-of-sight path. Each ground station has a range cir¬ 
cle for which a window allows communications into 
the satellite. In order to work any other station, the 
range circles of the two stations must overlap as 
shown in fig. 9 The duration of any contact is 
governed by the time that the spacecraft spends in 
that window. Thus, the higher the elevation of the sat¬ 
ellite as seen by the ground station, the shorter its 
communications range along the surface of the Earth. 
The best DX contact between any two stations occurs 
when the sub-satellite point of the orbit of the space¬ 
craft passes over the ground where their range circles 
just touch — that is, at a tangent to both range cir¬ 
cles. They will, however, also have very little time to 
make that contact. 

antenna characteristics 

The usual three-element Quad or Yagi-type antenna 
puts out a good directional low-angle signal. The turn¬ 
stile antenna puts out a good omnidirectional high- 
angle signal. Vertical antennas put out good 
omnidirectinal low-angle signals. The 3/8 and 5/8 
wave antennas used on 2-meters have good 
omnidirectional low-angle radiation characteristics. 
Somewhat directional high-angle radiation may be 
obtained from sloping dipoles attached between the 
top of a mast and the ground in the manner of guy 
wires (but don't ever use them as such), as shown in 
fig. 10. If you want to work the satellites successfully, 
you must match the characteristics of your uplink 
(transmitting) and downlink (receiving) antennas so 
that they have similiar radiation patterns. 

receiving signals 

The satellite downlink is usually marginal because 
the spacecraft is using low power and is far away. 
Every ESE (earth-satellite-earth) contact practically 
qualifies the spacecraft for yet another 1000-mile-per- 
watt award for QRP communications. 

Most modern receivers (and others not so modern) 
suffer from a loss of sensitivity at the top end of the 
10-meter band so that using a preamplifier to increase 
the strength of the received signals is a good idea. 
Most Amateurs feel that to communicate with DX sta¬ 
tions they need the biggest antenna they can put up 
and the maximum power they can put out. But there's 
a fallacy at work in this kind of thinking; if the mini¬ 
mum amount of transmitted power to put an S-9 signal 
into a DX location is, for example, 100 watts, then for 
that transmitter to use 1000 watts would be a waste 
of power... or would it? For the moment, ignore the 
QRM factor in which the more power you use, the 
louder you are and the more likely you are to be heard 



over the rest of the pack. If the signal is made weaker 
or attenuated by the ionosphere for one reason or 
another, what happens? In our example, we are receiv¬ 
ing signals from a transmitter having the calculated 
100 watts. If a fade equal to 5 S-units takes place, the 
received signal will drop down to S-4. This isn't too 
serious; S-4 signals can be copied, but what happens 
if the station is using the QRP and was S-4 to begin 
with? The same fade would take it down to S minus 
1 or below the noise level, and no signals could be 
copied. The communications link should contain 
enough gain to minimize or avoid loss of reception due 
to extreme fading. In other words, some kind of mar¬ 
gin should be built into the link. 

the communications link 

The communications link in a satellite contact can 
readily be split into two parts, the uplink and the down¬ 
link. Consider each of these in turn. 

In the downlink, the transmitter output power is not 
under the control of the Radio Amateur, but is instead 
fixed by the satellite. The attenuation of the signals 
radiated by the satellite is a function of the distance 
between the spacecraft and the receiving station. The 
actual strength of the received signal at the ground 
station antenna will vary because of the attenuation 
due to fading and polarization changes in the iono¬ 
sphere. Thus all the ground station operator can do 
is make sure that he has the best and most sensitive 
receiving capability that he can have. Ideally, the 
receiver should be such that the beacons on the down¬ 
link are receivable at good signal strength. In most 
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cases, this means that a receiving preamplifier should 
be used ahead of the receiver. 

In the uplink, the receiving antenna and on-board 
receiver sensitivity are governed by the design of the 
satellite. The attenuation of the signals from the 
ground as received by the satellite is a function of the 
distance from the spacecraft to the transmitting sta¬ 
tion. The actual strength of the received signal from 
the ground station antenna will vary because of the 
attenuation due to fading and polarization changes in 
the ionosphere. The effects of the ionosphere on the 
uplink may differ from those on the downlink. In the 
past, AMSAT has performed the link calculations be¬ 
fore the launch of the spacecraft and released a recom¬ 
mended value in radiated uplink power (EIRP) for 
Amateurs to use with the satellite. This number has 
usually been conservative, and most satellite users 
have no trouble working through the transponder with 
much less power. The common solution to this prob¬ 
lem is to boost the transmitter power until a good 
return signal is heard. This is not the optimal solution, 
because stations that have problems hearing them¬ 
selves will tend to use too much power, not because 
they can't get into the satellite, but because they can¬ 
not hear themselves getting into it. The ionosphere 
may also behave differently in different places at any 
time, so that although the sending station may be hav¬ 
ing trouble hearing his own downlink, other stations 
further away may be copying him with ease. There's 
no easy solution to this situation. The compromise is 
to attempt to make your own signal as received on 
the downlink equal in strength to that of the tran¬ 
sponder beacon. This means that you adjust your 
transmitter power to keep your own signal as strong 
as the beacon on your receiver. You can do this either 
by reducing the transmitter power gain or by aiming 
the antenna away from the spacecraft. 

Gain in the communications link can be obtained 
by using amplifiers or directional antennas. Directional 
antennas are at a disadvantage in that they must be 
moved to track the satellite during the pass, while 
omnidirectional ones do not. On the other hand, 
they're usually cheaper than amplifiers, particularly 
high power UHF transmitting types. Thus, to obtain 
a certain power output level on the uplink, the 
Amateur has the choice of a directional antenna and 
low power or an omnidirectional antenna and high 
power, or something in between. Similarly, on the 
downlink, if the directional antennas are used, a receiv¬ 
ing preamplifier may not be an absolute necessity. In 
any event, for reasonable results, make sure that the 
characteristics of your uplink and downlink antennas 
are matched. 

locating the satellite 

The common adage, "If you can't hear them, you 




can't work them” must be modified for satellite users 
to read, "If you can't locate them, you won't hear 
them . . . and if you can't hear them, you can't work 
them.'' 

In order to work satellites, an Amateur has to know 
not only when a satellite is in range, but also where 
to aim his antenna in order to put a signal into it. A 
number of different techniques have been developed 
over the past few years: graphical "circular slide rules" 
were first used very successfully for Phase 2 low-orbit 
satellites. As the personal computer found its way into 
ham stations, computer programs were developed to 
locate the satellites and the graphical plotters could 
be used to augment computer-generated data. 

Fortunately, the first OSCAR satellites used by large 
numbers of Amateurs (AMSAT's OSCAR 6, 7, and 
8 and the early RADIO spacecraft) were in circular 
orbits, which made locating them easy. All you had 
to do was pick a "reference orbit" as published in the 
Amateur Radio press and add the orbital increment 
to determine the position of the next equator cross¬ 
ing (start of the next orbit) and then add the period 
of the orbit to find the time of the following orbit. 

When the first Phase 3 satellite (AMSAT's OSCAR 
10) was put into service, it was placed into an ellipti¬ 
cal orbit with a high apogee and a low perigee — 
definitely a non-circular orbit. AMSAT's Tom Clark, 
W3IWI, an astronomer by profession, wrote a program 
that utilized Keplerian elements for keeping track of 
the position of any satellite in the Amateur Satellite 
Service. This and many other programs have been 
widely disseminated and there should be at least one 
member of each radio club who knows how to get 
hold of them. (AMSAT can supply copies of such soft¬ 
ware through its Software Exchange.) Locating the 
satellite, therefore, should not be a problem. 
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Measure over 
a 30 dB range 
with confidence 


wide-range RF power meter 


Some time ago I decided to build a small antenna 
range. One of the key items I knew I'd need was an 
RF power meter with good stability and wide range. 
Most commercial units I found were beyond repair or 
the limits of my budget, and the homebrewed units 
were either limited in range or used modulation to 
avoid a drift problem. 

I had used an LM11 operational amplifier in design¬ 
ing an earlier project and a friend later introduced me 
to an even better one. Some of the new chips com¬ 
ing on the market offer unbelievable performance and 
are slowly making system designers out of us circuit 
designers. A chip here, a chip there, follow the spec 
sheet as to optimum feeding — and we have a piece 
of test equipment that rivals commercial units. 

I combined some of these into an RF power meter 
that features a 30 dB (useful to 35 dB) range from -15 
dBm to - 45 dBm, remote control, and good temper¬ 
ature stability. Although the antenna range is still in 
the future, the power meter has been used on the 
bench for evaluating hybrid couplers, helical filters, 
cavity filters, IF amplifiers, and such. I plan to use the 
power meter on the 70 cm band. But it can also be 
used from the HF band up into the GHz range. 

theory of operation 

The heart of the unit is the Hewlett-Packard 
HSCH-3486 zero-bias Schottky diode used as the 
detector. This device offers high voltage sensitivity and 
doesn't need the biasing featured in other detection 
schemes. The response curve is logarithmic from - 50 
dBm to -20 dBm; above -20 dBm the diode 
becomes increasingly nonlinear in detection response. 
The lower end is limited by the amplifier used. 

To avoid using a modulation method of detection, 
a chopper stabilized operational amplifier was used. 
(The schematic is shown in fig. 1). The Intersil ICL7650 
features an extremely low input offset voltage of 1 
jrvolt over a wide temperature range. The chopper op- 
amp basically converts the input DC voltage to AC, 


amplifies it, and converts it back to DC. Amplifying 
the DC output from the detector 150 times with a 
chopper op-amp puts the signal at a level that simpler 
op-amps such as the LM11 can handle. The National 
Semiconductor LM11 is a precision DC amplifier that 
combines the best features of existing bipolar and FET 
op-amps. Offset voltage is 100 ftvolts and drift is 1 
/iv/°C. Six ranges in 5 dB steps are accomplished by 
this circuit by changing the gain of the amplifier. Each 
range is controlled remotely by reed relays. Offset vol¬ 
tages in the amplifier are nulled with two pots, one 
for the high range and one for the lower three ranges. 
These three devices — a diode which converts RF 
power into a logarithmic output equal to a dB scale 
and a pair of operational amplifiers — amplify AC 
microvolt level signals to volt levels, while introduc¬ 
ing little drift. 

construction 

Originally the unit was to be mounted directly at the 
antenna and was therefore constructed in a diecast 
box for good shielding. Power is supplied remotely 
from a separate box, which also contains the meter 
and scale change (fig. 2). A schematic of the power 
supply is included in (fig. 3). When purchasing a dB 
scale meter make sure that the -3dB point falls 
exactly at half scale. Some meters have been 
“fudged" to accomodate circuit nonlinearities. 

The inside of the box is shown in fig. 4. Its detec¬ 
tion circuitry, visible on the left side, is shown in an 
enlarged view in fig. 5. The parts are mounted on a 
small piece of 0.015 inch brass shim stock and held 
in place by the TNC connector. Note the chip capaci¬ 
tor on the left, supporting the 50-ohm resistor. A value 
of 100 pF is adequate down to 10 MHz; below 10 MHz 
this value should be increased. For work above 70 cm 
up to 4.2 GHz, a coaxial-mounted detector is recom- 

By Rudolf E. Six, KA80BL, 30725 Tennessee, 
Roseville, Michigan 48066 
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carbon film resistors are used for accuracy and low 
noise. The PC board artwork and components layout 
are shown in figs. 7 and 8, respectively. 

calibration 

Calibration depends on the accuracy of the standard 
used. If you have no fixed attenuator, purchase the 
Model AT-51 5 dB TNC from Elcom ($14). Set the 
meter to the - 15 d B range, check and adjust for zero 
with no signal applied. The meter zero pot has little 
control on this scale and if the meter doesn't read zero, 
there's something wrong with the circuit. Adjust a sig¬ 
nal generator for a + 30 dBm output level and turn RIG 
for full scale or 0 dB on the meter. The frequency of 
the generator is not important — in this case, 150 MHz 
was simply convenient. If the signal generator has no 
dBm scale, turn R16 to midpoint and adjust the sig¬ 
nal generator for 0 dB. Insert a 5 dB attenuator. The 
meter should read - 5 dB. Turn to the - 20 dB scale 
while momentarily disconnecting the signal generator, 
then check and adjust for zero. The meter zero pot 
should show more control. Reconnect the signal 
generator and adjust for 0 dB with R17. Insert 5 dB 
of attenuation and the meter should again read - 5 
dB. Turn to the - 25 dB scale and repeat the above 
procedure. The meter zero pot will have quite a lot of 
control. Note that on the - 25 dB scale the needle 



fig. 4. Parts layout in the detector-amplifier. R21, 22, and 6 
are soldered between the box and the pc board. C13 is sol¬ 
dered on the back of the pc board under U2. 



fig. 5. Close-up of the detector circuitry. 



shows some jitter or drift. This is circuit noise. This 
drift should be less than A 1/10 dB at full scale. Return 
to the - 15 dB scale, insert 5 dB of attenuation and 
increase output for a 0 dB reading. Turn to the - 10 
dB scale, remove the signal generator and adjust for 
zero with the right side meter zero pot. Remove the 
attenuator and reconnect the signal generator. Adjust 
R9 forOdB. Insert attenuator; adjust signal generator 
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ing to run into the nonlinear portion of the detector 
diode. 


using the power meter 

Figure 9 shows a typical set-up in which the power 
meter is used. A 70 cm hybrid coupler is checked for 
isolation between port 1 and port 2. The ICOM-471A 
provides the signal with its output reduced by a 
10dB-10 watt attenuator to less than 1 watt. Further 
attenuation is introduced by a step attenuator. 

ham radio 



fig. 9. RF power meter is used, in a typical application, to 
determine hybrid coupler isolation value. 


for OdB. Turn to the - 5 dB scale and remove the 
attenuator. The meter should read 0 dB. Insert the 
attenuator again and adjust the signal generator for 
0 dB. Turn to the 0 dB scale and remove the attenua¬ 
tor. Note that the meter doesn't read 0 dB, but it 
should be within 1 /4 dB of full scale. We are now start- 
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grounded-grid amplifier parasitics 


Simple cure 
extends amplifier life 

For several years, my kit-built amplifier with a pair 
of 3-500Zs had been spitting at me because of arcing 
at the plate tuning capacitor. I figured that either my 
line voltage was too high or that some flying insect 
was getting into the amplifier tuning capacitor and 
causing the arcing. This went on until the plate para¬ 
sitic suppressor on the inboard tube started to smoke. 
(This would have been a clue for anybody who was 
paying attention . . . but I wasn't). I replaced the plate 
parasitic-suppressor and got an instant replay: I 
smelled burning resistor again. I didn't know what to 
do next, so I just lived with the stink of burning phe¬ 
nolic for a while. I operated the amplifier for some 
time, but the spitting continued. Something was 
wrong, but I was running out of ideas. 

Nothing changed until I tried a new set of tubes and 
the amplifier made a noise like a shot from a 22 rifle. 

I pulled the plug and removed the case to inspect for 
damage. The problem wasn't hard to find; the grid- 
to-ground choke on the inboard tube had exploded 
its wire. One of the 200 pF capacitors from grid to 
ground had also exploded. 

probable cause 

I asked around and it seemed that other hams had 
experienced the same problem. The consensus was 
that the tube had shorted from grid to filament, caus¬ 
ing the choke and capacitor to explode. This was con¬ 
firmed by the fact that many others with this problem 
had found the tube to be shorted from grid to filament 
during the investigation following the big bang. This 
seemed unlikely to me because you can place a short 
from grid to filament on a zero-bias triode without any¬ 


thing cataclysmic happening. Naturally, you can't drive 
the cathode because the cathode is grounded, but 
there wouldn't be any fireworks. The answer had to 
be some condition that would create a grid voltage 
of over 2000 volts (it would take that much to destroy 
the 200 pF mica capacitor from the grid to ground) 
and more than 3 amperes of grid current which would 
be necesary to explode the choke wire. It had to be 
caused by parasitic oscillation. Light loading causes 
high grid current and no loading causes potentially 
destructive grid current and voltage. A high impedance 
path by the plate tank inductor would account for the 
"light loading" condition to VHF energy. 

casualty list 

Parasitic oscillation can destroy the following ampli¬ 
fier parts: tubes, due to grid to cathode shorts; grid 
current meters and shunts; zener bias diodes in the 
cathode circuit; contacts on the plate circuit band- 
switch — usually on the 160 or 80 meter plate tuning 
capacitor padder contact; small chokes and capaci¬ 
tors in the grid to ground circuit; and, almost 
unbelieveably, filament transformers, because of volt¬ 
age breakdown. This voltage surge is the result of the 
positive high voltage temporarily going to near ground 
potential when the tube arcs internally as the grid wires 
explode. With the positive high voltage at ground 
potential, the negative lead rises to the supply volt¬ 
age, which is usually around -3000 volts in a typical 
amplifier. This dumps the stored energy of the HV fil¬ 
ter capacitor into the only current path from negative 
HV to ground: the grid current meter and shunt resis¬ 
tor, which explode. This leaves an open circuit, and 
the negative HV arrives at the zener bias diode and 
the center tap of the filament transformer. Filament 
transformers are not usually designed to withstand 
high voltages, and the insulation may break down. 
This creates a current path inside the transformer, and 

By Richard Measures, AG6K, 6455 LaCumbre 
Road, Somis, California 93066 
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the transformer will slowly melt unless the fuse opens. 
I personally know of two, a commerical pair of 3-500Z 
amplifiers that suffered from all of the above difficul¬ 
ties after the big bang. 

a previous solution 

Long before the 3-500Z was invented, the Collins 
Radio Company ran into a similar problem during the 
design of their 811A amplifier, the 30L-1. In order to 
prevent the amplifier from "taking off," a degenera¬ 
tive parallel R-C circuit was connected from each 
tube's grid-to-ground. The resistor destroyed the Q 
of the grid-to-ground resonant circuit. At some VHF 
frequency the grid structure inductance and plate to 
cathode capacitance resonated. This looks like a very 
high impedance, causing positive feedback at or near 
the frequency. This unavoidable situation will always 
develop at some frequency in any gounded-grid ampli¬ 
fier. But one would hope there will not be a resonant 
circuit in the plate compartment or in the input circuitry 
or associated wiring that would allow the oscillation 
to take place. 

The Collins solution used a resistor that lowered the 
Q and small series capacitor that cancelled some of 
the built-in inductance in the grid structure, the tube 
base, and the socket, thereby increasing the grid res¬ 
onant frequency above the natural resonant frequency 
of the grid if it had been directly grounded with a short 
copper strap. Other amplifier manufacturers copied the 
capacitor- to-ground trick, but they didn't understand 
that the capacitor was part of a tuned circuit. Instead, 


they thought it was some sort of bypass. With the 
belief that "bigger is better," especially when you're 
bypasssing, they used more than the 200 pF that Col¬ 
lins had wisely chosen. My troublesome amplifier used 
600 pF total, with 200 pF from each of the three grid 
pins to ground. (See fig. 1 for a typical circuit). I 
copied the Collins grid suppressor circuit. The ampli¬ 
fier did not oscillate. These results were published in 
a ham radio "ham note" in October, 1982. 

does it work with other amplifiers? 

Since that time I've learned more about the subject: 
whether or not an amplifier can oscillate depends on 
the gain of the particular tubes you have in your ampli¬ 
fier. New tubes may have more gain than old tubes. 
So the parasitic cure I used successfully in my ampli¬ 
fier did not always work in someone else's amplifier. 
After some trial and error, I found that using three sep¬ 
arate paralleled R-C suppressors, one from each grid 
pin to ground, worked better in more cases than the 
simple circuit I described in my original article. The best 
values seemed to be about 50 to 70 pF for the capaci¬ 
tors and from 75 to 100 ohms for the resistors. This 
circuit worked in over 90 percent of the amplifiers. 

At this point I didn't know what to do about the few 
remaining amplifiers that still had a tendency to take 
off. Fortunately, the metal-film, non-inductive resis¬ 
tors most people were using for the grid-to-ground 
resistors were acting like fast-acting fuses in the grid 
current path, so that no one lost any tubes. The last 
piece of the puzzle was furnished by a ham in Samoa 
who had read the original aritcle. He owned a 
conduction-cooled amplifier (SB-230) that used an 
expensive high-/* triode. He experienced a meltdown 
with the typical fireworks assoicated with a parasitic 
oscillation. The tube was ruined and the 1000 pF grid- 
to-ground bypass capacitor was shorted. He had 
installed new parts, but was worried it would happen 
again, since the amplifier was still spitting occasion¬ 
ally. I could see from the schematic that the Collins 
grid parasitic suppressor circuit was not going to be 
a possibility since there was no way to remove the 
existing grid bypass circuit. Any parasitic suppression 
would have to be done elsewhere. With a triode, this 
wouldn't leave you with many choices. The cathode 
seemed like a good bet, since EIMAC says that it takes 
only 27 watts to drive an 8873 to full output, so we 
could afford to make the tube harder to drive. This 
might also keep the tube from flat-topping when driven 
with the average 100-watt radio. A non-inductive resis¬ 
tor in the cathode would cause degeneration or nega¬ 
tive feedback. This trick is often used in the emitters 
of bipolar transistors to prevent regeneration or insta¬ 
bility. The trade-off is that the device is going to be 
slightly harder to drive. Only the drive requirement, 
not the power output, will be affected. I looked at the 
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EIMAC data sheet and noticed that the peak cathode 
current for an 8873 was about 1.8 amperes. Some 
quick calculations indicated that 11 ohms might be a 
good place to start. The power rating for the resistor 
is not easy to figure since the waveform is neither DC 
nor a simple sine-wave, but instead a pulse with a sine- 
wave shape and a duration of about 200 degrees. The 
peak power is 1.8 x 1.8 x 11 = 35.64 watts. The aver¬ 
age power will be less than this for teletype operation 
and much less than that for SSB voice service because 
of the low duty-cycle. 

As a simple rule, divide the peak power by 2 for tele¬ 
type duty and by 3 or 4 for SSB. Dividing by 2 is 
recommended for the speech processor fans who like 
their audio to sound like creatures in a grade-B science 
fiction movie. Another consideration in selecting the 
wattage value is the fact that the average 2-watt metal- 
film resistor will dissipate 4 watts for at least 60 
seconds with no ill effects. 

Unfortunately, 2 watts is the largest size metal-film 
or metal-oxide-film resistor commonly available. More 
dissipation can be achieved by paralleling as many 2 
watt units as needed. The 11-ohm resistor was 
installed at the socket of the 8873, in series from the 
cathode lead(s) to the wire that delivered the input RF 
drive. During peak drive conditions, 19.8 volts of RF 
negative feedback will be developed (1.8 amps x 11 
ohms). 100 volts of peak RF output was available to 
drive the cathode. Losing 20 volts still left more than 
enough drive to give full ouput. The circuit worked. 
The man in Samoa was happy. No more unwelcome 
surprises when using the amplifier! 

The same fix was tried on the 3-500Z amplifiers that 
had proved so difficult to tame. The same resistor bank 
can be used with an 8877 — in the cathode lead, of 
course. The cathode resistor stopped the tendency of 
these unruly amplifiers to oscillate. In amplifiers with 
a pair of 3-500Zs the peak cathode current is close to 
3 amperes. This means that you can get more nega¬ 
tive feedback voltage with fewer ohms in the cathode 
circuit. It was found that approximately 3 ohms of 
resistance would do the job. Three 10-ohm, 2-watt 
metal-film resistors in parallel with some space 
between them will work fine. These resistors were 
installed between the RF drive coupling capacitor — 
usually a 0.01 ftF 1000 volt unit — and the place on 
the filament lead (cathode in a 3-500Z) where the 
coupling capacitor was originally soldered. 

When 3.33 ohms are inserted into the cathode lead, 
the driving impedance of the cathode will be increased. 
This will affect the input SWR of the amplifier. This 
effect is greater on the higher frequency bands 
because the input capacity of the tubes becomes a 
large part of the output capacity of the tuned Pi net¬ 
work, and this capacity is connected through a 
3.33-ohm resistor. If you don't want to adjust the 


tuned inputs for the 21 and 28 MHz bands, you can 
use a plate parasitic suppressor, made from a 47-Ohm, 
2-watt resistor and four turns of Number 16 wire 
wound on the resistor, in place of the RF negative 
feedback resistor. The parasitic suppressor will not 
improve the linearity of the amplifier, like the RF nega¬ 
tive feedback resistor, but it will reduce the VHF gain 
of the circuit and improve stability. 

The 4-1000A is a stable, grounded-grid amplifier 
tube with plate voltages up to about 3500 volts. Above 
4000 volts, the gain of the tube increases, and para¬ 
sitic oscillation is possible. The quality of the ampli¬ 
fier tube and the frequencies of the VHF resonances 
are determining factors in sustaining a parasitic oscil¬ 
lation. A 4-1000A amplifier that proved to be unsta¬ 
ble above 4000 plate volts was stabalized in a manner 
similar to the method used on the stubborn 3-500Z 
amplifiers. The copper, grid-grounding straps were 
removed. Each of the three grid pins was connected 
to ground through a 75-ohm resistor in parallel with 
a 56 pF capacitor. The screen and control grid pins 
were left connected to the copper plate that was previ¬ 
ously used to bond the grids pins together. A 
3.33-ohm, 6-watt resistor made from three 10-ohm, 

2- watt, metal film resistors in parallel, was connected 
in series with the 0.01 pF capacitor that couples the 
drive from the tuned input circuit to the cathode (fila¬ 
ment). After modification, the amplifier showed no 
sign of instability with a plate voltage in excess of 9000 
volts. At this plate voltage the amplifier exhibited 15.5 
dB gain. This was done to test the stability of the 
amplifier. Everyday use at this plate voltage is proba¬ 
bly not going to result in normal tube life. Plate vol¬ 
tages this high can also produce soft X-rays, which 
may cause injury to the operator as well. 

grid-driven amplifiers 

Another use for RF negative-feedback cathode 
resistors is in grid-driven amplifiers, so often plagued 
with high-intermodulation-distortion products, or 
splatter. For example, a friend who owned an 
NCL-2000 was concerned about the interference he 
was causing. The root of the problem was with the 
8122 tubes themselves, since the best you can expect 
is about - 30 dB of distortion products. This is roughly 
10 times worse than what you can expect from the 

3- 500Z. The 4CX250 series tubes have approximately 
the same distortion specs as the 8122. To make mat¬ 
ters even worse, the NCL-2000 design allowed grid 
current to flow freely during modulation. This causes 
the tube's plate current curve to take a nasty jag at 
low values of plate voltage. My friend was able to 
make the amplifier acceptably clean by installing three 
2-watt, 51 -ohm, metal-oxide-film resistors per tube, 
with one resistor in series with each of the three cath¬ 
ode connections per socket. He also changed the tap 
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on the 50-ohm grid-swamping resistor to avoid driv¬ 
ing the control grid into conduction. This depends on 
how much driver power you have. The result was 
appreciated by all concerned. 

There are other external-anode triodes besides the 
8873, 8874, and 8875s that are capable of taking off 
at VHF or even UHF frequencies. I have recently talked 
to two people who experienced instability problems 
with the 8877. For some reason, the problem seems 
to occur only when these tubes are used in HF ampli¬ 
fier circuits. Perhaps this is because of the extra lead- 
lengths required in a HF amplifier design and by the 
fact that these tubes have excellent gain up into the 
UHF region. One of the 8877 amplifiers was a 
DTR-2000. The owner had discovered one of these no- 
longer-made amplifiers in an unopened box in a 
dealer's warehouse. He bought it for not much more 
than the price of a new tube. He was delighted with 
his ''find'' until the ''big bang" occurred during his first 
day's use. 

With a 3-500Z parasitic, the grid may weld to the 
cathode. I've occasionally seen grid wires blown loose 
and rattling around inside the bottom of the glass 
envelope. Such a tube may continue to work. The 
8877 in the DTR-2000 also had a wire from the grid 
blown loose, but from only one end. The free end of 
the wire had-shorted to the plate of the tube. 

Another problem with the DTR-2000 is that 5.9 volts 
is applied to the filament, which, according to EIMAC, 
should never have more than 5.25 volts. This situa¬ 
tion will appreciably shorten the life of the 8877's 
oxide-coated cathode. Some owners have corrected 
the problem by installing a 0.1 ohm, 10 watt resistor 
in series with the filament. 

The important thing to keep in mind is that the aver¬ 
age amplifier tube, with average gain at VHF, proba¬ 
bly will not oscillate in a typical HF amplifier design. 
The problem shows up when you happen to get a 
unusually good tube — with lots of VHF amplifying 
ability — in a HF amplifier circuit. 

the why of it 

If you wanted to build an oscillator, you would need 
at least one tuned cirucit, an amplifier, and a feedback 
path. If you had two tuned circuits, one for the input 
and one for the output, your chances of building a suc¬ 
cessful oscillator would be even better. Keeping these 
facts in mind, I started sniffing around the input and 
output circuitry of my amplifier with a dip-meter. The 
bandswitch was set to 40 meters — the same band 
in which the big bang was heard. The drive coupling 
capacitor at the cathode of the 3-500ZS, which con¬ 
nects to a short length of 50-ohm coax, showed a 
good dip at 110 MHz. The lead from the plate of the 
tubes to the plate tuning capacitor showed a good dip 
at 105 MHz despite the presence of the parasitic sup¬ 


pressor. The plate circuit dip could be moved to 110 
MHz by slightly adjusting the plate tuning capacitor. 
The grid showed a dip near 90 MHz. We have two 
tuned circuits. We have a feedback path through the 
"grounded" grid. The 3-500Zs are rated at 110 MHz. 
It should be capable of sustaining oscillation. It does. 

These resonances are nobody's fault. They are 
caused by the laws of physics and they cannot be 
eliminated by any practical amplifier design. The way 
to control the problem is to use non-inductive resis¬ 
tors in the input and output circuits to destroy the Q 
of the VHF resonances. Most people are accustomed 
to using a resistor in the plate lead to control para- 
sitics, but the idea of using such a device in the cath¬ 
ode lead is sadly missing in most HF amplifier designs. 
This is sad because the cathode lead is an ideal place 
to accomplish the job, since a resistance in the cath¬ 
ode lead will cause desireable negative feedback — 
which the plate circuit cannot do. If I had to pick just 
one place to put a parasitic suppressor, the cathode 
would be a good choice. 

If you're thinking that your amplifier is immune to 
the problem, uou may be right — for the particular 
set of tubes that are in service .... The next time 
you're doing your annual spring cleaning inside the 
amplifier, check the plate lead for resonances with a 
dip-meter; you're going to get a nasty surprise. The 
drive coupling capacitor will also show a resonance 
whose frequency is mainly dependent on the length 
of coax that connects to the input bandswitch. The 
schematic does not show any VHF tuned circuits, but 
they're always there. Remember this when you plug 
in that hot new set of tubes. Two-watt resistors are 
cheaper than new tubes. 

If you own an amplifier that sometimes snaps or 
spits, this isn't something to ignore unless you enjoy 
fixing broken linear amplifiers. The amplifier is trying 
to tell you something — if you're paying attention, you 
can save yourself some expensive grief. 

neutralizing grounded-grid amplifiers 

Why can't a grounded-grid amplifier be neutralized, 
like a Class AB, grid-driven amplifier? In ElMAC's book 
Care and Feeding of Power Grid Tubes, it's stated that 
grounded-grid amplifiers don't normally need to be 
neutralized. This is not a very comforting statement, 
considering that there appears to be no way to neu¬ 
tralize a single-ended, grounded-grid amplifier, even 
if you want to. Gonset tried to neutralize a four-tube 
811A amplifier with notoriously poor results. If you 
own one of these, the Collins circuit will cure the 
problem. 

references 
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universal oscillator circuit 


Test crystals 
over a 200:1 
frequency range 

For more years than I care to remember. I've been 
collecting crystal oscillator circuits with the hope that 
one day I'd stumble across the ultimate oscillator cir¬ 
cuit. The ultimate circuit would allow me to test the 
oscillating frequency of all types of crystals from 100 
kHz to 20 MHz. No tuning or parts changes would be 
needed; I'd just swap the crystal and watch the activity 
on some kind of meter. I'd also be able to measure 
the frequency as accurately as possible. 

Over the years I've yet to see a circuit with this capa¬ 
bility that could be duplicated without too much trou¬ 
ble and, most of all, some kind of explanation of why 
things were done as they were including all relevant 
technical details, complete with accurate parts infor¬ 
mation so you'd know what can and what cannot be 
substituted. Being in radio repair myself, I felt it would 
be very nice to have something to count on; not find¬ 
ing anything really suitable, I finally had to come up 
with some ideas myself. The circuit shown in fig. 1, 
which I call the OmniTek oscillator, shows the results. 
It may not be the ultimate oscillator circuit, but so far 
I've not seen one more versatile or better suited for 
my needs. 

circuit description 

Figure 1 shows the oscillator, Q1, and its associated 
parts: Q2 (the buffer) and Q3 (the emitter follower with 
dual output, one for the indicating meter and the other 
for a counter or other uses). I've seen variations of it 
before, but not with the 200:1 range this one has. The 
secret seems to be in the 10 mH choke (scramble- 
wound miniature coil on a ferrite core) on the drain 
of Q1. Having tried all kinds of combinations, includ¬ 


ing other types and makes of LI, I found that only the 
specified choke worked well and consistently every 
time. 

Various versions of this oscillator — including a 
handheld test unit with meter and also one that 
replaced a master multiple crystal oscillator that used 
a tube (in that well known 6BH6 circuit) — were built. 

The Activator button is for low activity or 3rd over¬ 
tone crystals that may need an additional jolt to start. 
Most of the time, however, it isn't necessary and could 
certainly be omitted. If you don't want to, or cannot, 
calibrate the oscillator for a 32 pF load by plugging in 
a known crystal calibrated for 32 pF, omit capacitors 
Cl and C4. Just be sure that the values of C2 and C3 
are correct because their ratio, 51 to 56 pF, is very 
important for the correct operation of the oscillator. 
They're also the correct values for a very close approx¬ 
imation of a 32 pF load. Use 5 percent silver micas or 
NPO ceramics here. As a matter of fact, all capaci¬ 
tors in the vicinity of Q1 — that is, C2, C3, C4, C5, 
C7 and C13 — should be either silver micas or NPO 
ceramics. (I prefer the ceramics because they're so 
much smaller.) The trimmer, Cl, if used, is often an 
N450 or N750, though the temperature coefficient 
really doesn't matter much. All other capacitors may 
be standard, and will not affect the operation of the 
oscillator at all. All resistors should be at least 1/4 watt, 
except the pot, which should be 1/2 watt. The meter 
can be just about anything you can find, but full scale 
deflection sensitivity should not be much over 200 jtA; 
if it is, you won't get a good (i.e., more than half-scale) 
indication on the meter on the higher frequencies. The 
diode across the meter is used to limit the maximum 
voltage on the meter (to about 300 mV) because on 
crystals below 10 MHz the output may be high enough 
to damage the more sensitive meter movements. The 

By Robert H. Fransen, VE6RF, 227 Cottonwood 
Avenue, Sherwood Park, Alberta, Canada T8A 
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counter output is tied to the wiper of the pot but could 
also be connected directly to the emitter of Q3, if 
desired. 

To check the battery (with the terminals mounted 
downward in the case of the portable version), I drilled 
a small hole through the bottom below the + termi¬ 
nal. By sticking a probe through the hole (don't short 
the probe to the case) you can test the battery volt¬ 
age without taking the box apart. 

application 

Although the unit is intended for checking crystals, 
it can also be used as a rough-and-ready signal gener¬ 
ator or spotting calibrator. If you use it for spotting 
and you want plenty of harmonics, connect two 
diodes (1N4148) in parallel back-to-back across R2 (see 
insert in fig. 1). The only effect on the oscillator 
characteristics will be an increase in the harmonic 
output. 

If you have a circuit board with soldered-on crys¬ 
tals, checking the crystals can be very difficult because 
taking them off the board very often destroys them. 
A much easier way is to cut the traces to the crystal 
and put two No. 18 sewing machine needles (mount¬ 
ing shaft ground off) in the oscillator socket holes. 
Press them against the traces of the board; the oscil¬ 
lator will indicate the crystal quality. 

If you don't intend to use the circuit for this pur¬ 
pose, C13 can be omitted. It's there only to keep DC 
off the crystal socket. Omitting C13 allows you to test 
the battery voltage on the socket connected to the 


drain of Q1 so no holes have to be drilled. Never try 
to insert a crystal without holding the box in your 
hand; if you do, static will damage Q1. A good indi¬ 
cation of damage to Q1 (gate leakage) is if the unit 
oscillates only on the higher frequencies. Although the 
PWR button can also be a switch, whenever you 


Crystal oscillator parts list. 


ci 

2.5-11 pF 

C 2 

51 pF 

C 3 

56 pF 

C4 

3 pF 

C5 

560 pF 

C6 

100 pF 

C7 

270 pF 

C8 

100 pF 

C9,C10,C11 

0.01 tiF 

C12 

0.47 nF 

C13 

1500 pF 

R1 

2.2M ohms 

R2 

2.2K ohms 

R3 

1M ohms 

R4 

4.7K ohms 

R5 

500 ohms 

R6 

150 ohms 

Q1 

MPF 102 

02 

MPF 102 

03 

2N2222 


All diodes: IN270 

LI is Hammond Number 1530 C102 

10 nH resistance is 1000 ohms 38 mA, maximum). 

Meter is 140 nA at 140 microvolts F.S. 

Minimum current at 100 kHz is about 6 mA. Maximum current af 20 MH 2 is be¬ 
tween 14 and 22 mA. depending on the gain of Qt. Frequency shift over a 
supply voltage range from 5 to 10 VDC is less than 0.5 PPM. Battery is 9 VDC 
type, Number 1604. Some waveform distortion takes place below about 3 MHz. 
The ACTivate button is used to test and start 3rd overtone crystals that may 
need more feedback to start. The 5th, 7th, and 9th overtone crystals will prob¬ 
ably not oscillate in this untuned circuit. Basic circuit (with Cl and C4 left out) 
is for a 32 pF toad. Meter can be up to 200 »A fult scale, though 50 to 100 nA 
are preferred. Minimum and maximum currents are for the whole circuit. 

R2 with 1N4148 diodes for increased harmonic generation. 
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check the battery make sure there's no crystal installed 
so the circuit uses maximum current. 

Construction and wiring are not critical. Just try to 
keep the leads near Q1 as short as possible and install 
Q1 in a manner that will allow it to be replaced easily, 
because it's easily destroyed. 

If you want to keep things simple and not use Cl 
or C4 or the ACT button, install C2 (51 pF) and C3 
(56pF) and check your frequency. If it's too high, a 
gimmick wire capacitor across C2 will bring the fre¬ 
quency down. If the frequency is too low, replace C2 
with a 47 pF capacitor and try the gimmick capacitor 
again on C2 - that is, if you have a good calibrated 
crystal. If you don't, install the caps and forget about 
calibration. Also keep in mind that 3rd overtone crys¬ 
tals don't oscillate at precisely 1/3 of their frequency 
because they're series-calibrated. It's understood, of 
course, that the indication on the meter is strictly rela¬ 
tive. But after a bit of use, and a knob on the pot with 
a calibrated skirt, you'll get the hang of it pretty quickly 
and know what to expect. 

Other variations of this circuit are possible. Since 
supply voltage and load variation don't, for all practi¬ 
cal purposes, affect the frequency (keep your hands 
away from the crystal), further experimenting may be 
in order, perhaps with other 10 mlH chokes. 

ham radio 


SPECIAL 

ICOM 
IC-745 
$769.00 
w/hand mike 



f 





Authorized Dealers For 


SPECIAL 

NEW! 

Kenwood 

TM-2570A 

$478.00 

In Stock 


KENWOOD & E3 IicomI 


Also displaying ilic popular accessories needed to complete a HAM STATION . . 


ARRL PUBLICATIONS • AKA PRODUCTS • AMPHENOL 
• ALPHA DELTA • ASTRON • AUSTIN ANTENNAS • AVANTI 
♦ BELDEN • BENCHER * B & W • DAIWA • HAM-KEY 

• HUSTLER • KLM • LARSEN • MIRAGE • ROHN 

• TELEX/HY-GAIN • VIBROPLEX • WELZ • ETC. 

OPEN SIX DAYS A WEEK 


Telephone 617/486-3400, 3040 

675 Great Rd., (Rte. 119) Littleton, MA 01460 
Vh miles from Rte. 495 (Exit 31) toward Groton, Mass. 








ham radio 


TECHNIQUES fjv 


surface-wave OTH 
radar — more QRM? 

The Wireless Institute of Australia 
is reportedly developing an experimen¬ 
tal over-the-horizon (OTH) radar that 
operates only over the sea. The radar 
transmits a vertically-polarized radio 
wave close to the sea surface, induc¬ 
ing electrical currents in the water. 
This causes the radio wave to adhere 
to the sea surface and therefore travel 
around the curvature of the earth. 
There is a possibility that the reflected 
energy will couple with the sea surface 
for the return journey. 1 

When I read this, it rang a bell; 
somewhere I'd heard that experiments 
have been run in the Caribbean in 
which long-distance VHF communica¬ 
tion was established between ships by 
placing vertical Yagi antennas very 
close to the waterline. When the 
antennas were raised more than a few 
feet above the sea, the signals dropped 
in strength. The guess was that the 
layer of ocean moisture directly above 
the surface of the water provided the 
conduit for the radio wave. 

That's all I know about the Aus¬ 
tralian report and the Caribbean experi¬ 
ment. If any reader knows more about 
the ocean-wave experiments, I'd cer¬ 
tainly like to hear about it. How about 
a test between California and Hawaii? 

the "underwater antenna" 

Jokes and tall stories about under¬ 
ground transmitting antennas and 
antennas immersed in water have 
appeared in Amateur literature for 
decades. I've also heard that an 
antenna immersed in water will not 
only work, but because of the dielec¬ 
tric constant of the liquid, be markedly 
smaller in size, for a given radio wave¬ 


length, than antennas not immersed in 
water. Sounds like a great idea — a 
160-meter antenna in the back yard 
swimming pool! 

In 1978 a British patent (GB2,001,- 
804) was filed by the Plessey Company 
for an "underwater antenna" (fig. 1). 
The idea proposed in this patent is a 
variation of the principle of dielectric 
loading. According to an article in 
Radio Communication, the patent 
application reads, in part, as follows: 

It has been proposed to submerge 
an antenna consisting, for example, of 
a metallic rod in water, but this has 
been found to suffer from the practi¬ 
cal disadvantage that through contam¬ 
ination and absorption of carbon diox¬ 
ide into the water, degradation results 
and the antenna efficiency rapidly 
deteriorates. 

It is therefore proposed to use an 
antenna structure surrounded by water 
or similar acceptable liquid by includ¬ 
ing a sealed container shaped so that 
the element is completely surrounded 
by the liquid. This can take the form 
of a sealed glass or plastic container 
filled with water <some anti-freeze can 
be added for low temperature condi¬ 
tions). The process of filling and seal¬ 
ing the container is preferably carried 
out under chemically-clean condi¬ 
tions. 2 

The patent claimed that an antenna 
rod length of 15 cm (about 6 inches) 
used at 100 MHz gave an increase in 
signal strength of over 200 percent 
compared with a rod of the same 
length in free air. 

Discussing this antenna, Pat 
Hawker, G3VA, says, "The idea of 
surrounding an element with water 
reminds me of a problem known to 
exist with some wideband television 
receiving arrays: a significant fall-off in 


performance on the higher frequency 
channels when it rains and water col¬ 
lects on the elements. Clearly what is 
happening is that the resonant fre¬ 
quency of the array is being lowered 
by the rain — further proof of the 
effects of dielectric loading. . . . But 
one foresees an unhappy operator 
reporting: 'Sorry OM, signals are fad¬ 
ing, my antenna has sprung a leak.'" 

great circle maps 

Not easy to find, these days. I 
wanted a large Great Circle Map cen¬ 
tered on San Francisco. But where to 
get it? I did a little footwork and found 
out that these maps can be obtained 
from the Office of Distribution Services 
of the Defense Mapping Agency 
(Hydrographic Center). The mailing 
address is: DMA-ODS, attention 
DCCP, Washington, DC 20315. Great 
Circle maps cost $5.50 each and may 
be ordered by stock number from the 
catalog. To order the catalog, send 
$2.25 to the address above and request 
catalog No. CAT-P2V10 which, 
according to the obliging individual 
who answered my call, is a "goldmine 
of information." 

more on the 160 -meter 
end-fed antenna 

In my last column I mentioned my 
long, 160-meter end-fed antenna, 
series tuned with a capacitor and 
matched to 50 ohms with a shunt coil. 
I've had it on the air for some weeks 
now and find it to be the best antenna 
that I've been able to put up on this 
particular piece of property, consider¬ 
ing the zoning restrictions. Best DX to 
date has been Japan and Siberia, zone 
19. 

For those who have less space, the 
quarter-wave Marconi is still a good 
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antenna. It can be easily matched to 
a 50-ohm feed system by the tech¬ 
nique shown in fig. 2. The antenna is 
cut to your favorite operating fre¬ 
quency in the band by the formula: 
length = 234/f (MHz). For 1825 kHz, 
the antenna is about 128 feet, 3 inches 
(39.09 meters) long. If the antenna is 
entirely vertical (an unlikely assump 
tion), the feedpoint resistance (R) at 



resonance will be about 36 ohms. As 
more and more of the antenna lies in 
the horizontal plane, the feedpoint 
resistance decreases. In my tests, with 
most of the antenna wire running 
horizontally about 40 feet above 
ground, the feedpoint resistance ran 
close to 15 ohms. 

You see that a simple L-network (A) 
can be used, made up of a series- con¬ 
nected coil and a shunt capacitor. The 
coil is quite small, but the capacitor 
value is rather large. The coil can be 
a small B & W "Miniductor" about 2 
inches (5.08 cm) in diameter, with a 
tapping clip for adjustment. Only 2.5 
is required to do the job under all 
circumstances (see chart). Note that 
maximum inductance is required when 
the feedpoint resistance is one-half the 
value of the input resistance of the 
network. 

The tapped coil presents no prob¬ 
lem, but obtaining the shunt capacitor 
can be vexing. Most end-fed 160- 
meter Marconi antennas fall into a 
feedpoint resistance range of 10 to 25 


ohms. This calls for a shunt capacitor 
value of approximately 3500 to 1500 
pF. The total capacitance can be made 
up of several "postage stamp" silver 
mica capacitors placed in parallel with 
a large variable capacitor. In my case, 
I have a 900 pF variable capacitor 
picked up at a flea market and a rotary 
switch that adds fixed capacitance at 
500 pF per switch position. 

This combination allows excellent 
antenna matching to be obtained all 
across the 160-meter band. I use an 
SWR meter to determine antenna 
match (the meter being placed be¬ 
tween the network and the short coax 
line to the transmitter). A practice run, 
tuning up every 25 kHz across the 
band, provides logging points for the 
coil and capacitor settings so that no 
time is lost when I want to QSY from 
1810 kHz to work a UA0 calling CQ on 
1915 kHz. 

The chart also shows why it's some¬ 
times difficult to get a good match to 
a low frequency mobile antenna. The 
matching coil becomes quite small for 
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fig. 3. Antenna has reactive feedpoint impedance if not resonant at required frequen¬ 
cy. (A) Capacitive reactance if shorter and ( B ) inductive reactance if longer. 


® 


SHORTER THAN RESONANCE 




LONGER THAN RESONANCE 


i r 


fig. 4. Yagi driven elements shorter [A) and longer (SI than resonance can be matched 
to coax line with appropriate type shunt reactance. 


low values of feedpoint resistance and 
the shunt capacitor becomes quite 
large! 

match for the HF mobile 
antenna 

The 80- or 160-meter mobile an¬ 
tenna presents a matching and loading 
problem. It's generally agreed that 
center loading provides the greatest 
operating efficiency for such an an¬ 
tenna, and many Amateurs have had 
success with an 8-foot (2.43 meter! 
antenna loaded in this fashion. Unfor¬ 
tunately, the feedpoint impedance of 
such a loaded antenna on the 80 and 
160-meter bands, runs in the region of 
20 ohms, of which only about 0.5 
ohms is radiation resistance, the bal¬ 
ance being made up of loading coil 
losses. 

The B-network shown in fig. 2 is 
often used for mobile whip antennas. 
All that's required is a small shunt 
inductance in the range of 1.5 to 2.5 
fiH for 160-meter operation. The series 
capacitance can be the actual antenna 
adjusted to provide a capacitive reac¬ 
tance at the base, that is, one that's 
slightly shorter than its resonant 
length. 

Adjusting the antenna is quite sim¬ 
ple. With the base matching inductor 
removed, a two-turn coil is connected 
between the base of the antenna and 
the grounding point on the vehicle 
directly below the antenna. A dip oscil¬ 
lator is used to set the antenna on fre¬ 
quency. Loading coil turns are ad¬ 
justed to provide indication of antenna 
resonance. The base coil is now in¬ 
serted in place of the dip oscillator loop 
and an SWR meter is placed in the 
coax line to the transceiver. Reduced 
power is applied to the antenna at the 
resonant frequency and the antenna is 
readjusted to resonance by pruning the 
loading coil. Lastly, the base inductor 
is adjusted for lowest SWR at the 
antenna resonant frequency. 

The adjustments are slightly inter¬ 
active and the presence of the experi¬ 
menter in the immediate field of the 
antenna will tend to detune it a bit. The 
process sounds tricky, but it really isn’t 
... it just takes a bit of patience and 
common sense. 


the simplified L-network 

The two matching networks shown 
in fig. 2 can be redrawn as shown in 
fig. 3 in which the series component 
is represented by an off-resonant 
antenna. Figure 3A illustrates the case 
in which the antenna is shorter than 
the resonant length. Figure 3B shows 
the case in which the antenna is longer 
than resonant length. The circuit 
shown in fig. 3A is used in some Yagi 
beam antennas, where the inductor 
takes the form of a coil, or hairpin, 
placed across the feedpoint in shunt 
with the driven element. In this case, 
the driven element is shortened slightly 
to provide a capacitive reactance at the 
feedpoint. 

By using the reactance of the 
antenna element as one arm of the L- 
network, either by lengthening or 
shortening the element past the reso¬ 
nant point, an effective and inexpen¬ 
sive matching system that requires 
only one additional shunt element — 
either a capacitor or an inductor — can 
be made. 


Use of this matching scheme with 
a balanced Yagi element is illustrated 
in fig. 4. In fig. 4A the driven element 
is made slightly shorter than resonance 
and an inductor is placed across the 
feedpoint. The inductor may take the 
form of a balancing device so that 
impedance transformation and trans¬ 
formation to a coaxial line is accom¬ 
plished with the same device. 3 Most 
high frequency commercial matching 
devices take this form because it's eas¬ 
ier to make a waterproof inductor that 
will withstand high power than a suita¬ 
ble capacitor. (Matching systems of 
this general type are discussed in detail 
in the new edition of the Beam 
Antenna Handbook.*) 

the EME directory 

A reprint of the WA1JXN 144-MHz 
EME (Moonbounce) directory is now 
available. Listing EME operators world¬ 
wide, including their addresses and the 
equipment they use, this 16-page com- 


•Available from Ham Radio's Bookstore: $9.95 plus 
$3.50 shipping and handling. 
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pendium is available at rio cost (except 
postage). Send five first-class stamps 
(or 5 IRCs) — no envelope, please — 
I'll supply a large one. Address your 
request to me at EIMAC, 301 Industrial 
Way, San Carlos, California 94070. 
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short circuits 

reflector antennas 

Eqn. 1 in WIJR's February column 
("Reflector Antennas, Part 1," page 
54) should be corrected to read as 
follows: 

G = 10 log 10.55 • 4 it A/\-1 
= 10 log (6.9A/V) 


calibrated S-meter 

The value of the Pin 12 resistor shown 
in fig. 3 of W7SX's article, "A 
Calibrated S-Meter" (January, page 
23) is 2000 ohms. 

upside-down battery 

In fig. 8 of YB9ATA's February arti¬ 
cle, "Two-Tone Signal Generator,” 
the battery was inadvertently shown 
upside-down. 



Building n current ham radio project? Coll the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be mode to the 
article describing your project. 

(See “Publisher's Log,” April, 1984. page 6. for 
details.) 
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tions with WORDPROCESSOR text 
Use GRAPHICS program lo draw simple or 
complex shapes. GRAPHICS works with 



SPREADSHEET or WORDPROCESSOR. so 
you can display calculations in up to 128 
colors or include graphics in your lexl. 
Touch a key 10 go from one built-in program 
lo another. Additional software is available 
lor a varieiy of businesses or personal uses 
Games available, loo! 

ADDITIONAL FEATURES Daia base of 99 
records. Computer holds 99 lines of text 
before it must be transferred In disk drive for 
storage. Excellent terminal for use wild 
modem. Spin screen and windowing cap¬ 
abilities. Compatible with all Commodore 111 
hardware except joystick and dataset NOT 
compatible with C64 software 
Includes Commodore ® warranty. 

IWr. Ust: * 299.00 

Closeout Price. 
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Horn M-997-5035 001 Slup. handling. $8.00 


DISK DRIVE 


(Compatible witii Plus/'4 ,M ) 


A famous U S. brand, but we re not permitted to 
print the name Factory reconditioned and war 
ranted Intelligent, high-speed 2K RAM. 16k 
ROM Maximum storage of 170K formatted data 
35 tracks Uses 5'V floppy diskette; single sided 
single density (double density can lie used, but no' 
needed) Serial interface Second serial port fot 
chaining second drive or printer. Data transfer rate 
of 400 bps Compatible with C64, VIC 20. SX64 
Educator 64. C16 and Plus/4™ 

Mfr. Ust When New: * 269.00 

Closeout Price . 


$149 



Item H 997-3653:013 Ship, handling 58 00 


Ctedit catd customers can 1 7 7^ ■■■■ 
order by phono. 24 hours ](MmNwCn«i.j 
a day. 7 days a week 1 •-*.MMMBR 

Toll-Free: 1-800-328-0609 

Your check is welcome' 

No delays in orders paid by check 

Sales outside conimontol U S ore subject lo 3pee*al 
conditions Please call Ot witte to inquire 


C.O.M.B. 

DIRECT MARKETING CORP. 

Authorized Liquidator 

14B05 28tti AVENUE NORTH 
MINNEAPOLIS. MN 66441-3397 


C.O.M.B. Direct Marketing Corp. item H-397 
14605 28lh Avu, N./Minnoopohs. MN 55441-3397 
5end_Commodore* Plus/4 1 ’-' Computers) Item H 
997 5035 001 at 879 ouch plus SSonch for ship, handling 

Send.. Disk Drive(s) ham H 997 3553 013 a! $149 

each plus $8 each for ship, handling 

(Minnesota mtridents odd 0% sales tax Allow 3 4 weeks tor 
delivery Sorry, no C 0 D orders ) 

□ My check or money order is enclosed. (No delays in 
processing orders pan) by check, thanks to ToInChnck.) 
Charge lu my. U MilSU»rUtMl„ U VISA' 1 i 

Acct. No-——-Exp.,,-,-4- 

please print clearly 

Name —----- 

Address ..— .... 

Oily- 
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computer control 

of ICOM R-71, 271, 471, and 751 radios 


Extend performance 
and versatility 
by combining 
analog and digital 
techniques 


Does the idea of using a computer to control your 
radios conjure up images of driving elaborate remote 
bases with touchtone commands from a handheld? It 
needn't. There are less exotic uses of computer con¬ 
trol that can really make things easier around the 
shack. 

What else can you do with computer control? Sup¬ 
pose you want to monitor a net, a beacon, or a bulle¬ 
tin, but can't be near the radio. No problem — get 
a computer. It can turn on the radio at a prescribed 
time (say 18 minutes past the hour), tune it (perhaps 
to WWV), turn on a tape recorder (to record a 
minute's worth of propagation bulletin), and then turn 
everything off. You can listen to the tape at your con¬ 
venience. 

Working satellites such as OSCAR-10 is another 
area in which a computer can generally simplify oper¬ 
ation. If you've ever listened to an Amateur satellite, 
you've found the passband filled with "aaahhh" or 
machine-gun strings of dits. Why? 

To use a satellite, you must transmit on one band 
and receive on another; few Amateurs are adept at 
operating two radios simultaneously. To complicate 
matters, the radios are on opposite sidebands ... to 
tune, you turn one knob clockwise and the other 
counter-clockwise — a trick easily learned by 5-year- 
olds, but not by adults. Doppler shift also has to be 
accounted for. As a result. Amateurs spend half their 
time trying to find their signal in the satellite's pass- 
band. The solution? Get a computer. Tune the receiver 
and let the computer read its frequency and tune the 
transmitter. A piece of cake! 

Interested in these and other applications of 
computer-controlled radios? Computer control of 


ICOM's latest series of radios can be an interesting pro¬ 
ject, and requires only some simple hardware. Read 
on. 

computer-controllable radios 

ICOM has been manufacturing computer-control¬ 
lable radios for many years, beginning with the 701/ 
211 /245 series and continuing with the R-70/720/251 / 
255/260/451 series. Control of the earlier radios was 
generally limited to changing frequency and mode. 
ICOM's latest series of radios, the R-71, 751, 271, and 
471, allow additional radio functions to be controlled 
by the computer, including the 32 memories. The 
newly announced 1271 will almost certainly be control¬ 
lable in the same way. Like earlier ICOM radios, the 
interface uses a parallel handshake, with all radios 
daisy-chained on a common bus. Unlike earlier radios, 
the computer interface isn't included with the radio, 
but must be purchased separately. The interface is the 
EX-309 Microprocessor Interface Connector, which 
sells for $37 and consists of a small board, approxi¬ 
mately 2 inches by 2 1 /4 inches (5.08 by 5.72 cm), con¬ 
taining two octal latch ICs, a voltage regulator, and 
a 24-pin female IEEE-488 (Centronix-type) connector. 
(Previous ICOM radios used pins on the 24-pin Molex 
accessory connector for computer interface signals.) 

required interface board 

The EX-309 interface allows external 8-bit data to 
be gated onto and off of the radio CPU's internal 8-bit 
data bus. Signals available on the external connector 
are an 8-bit bidirectional data bus, a service request 
(SRQ) line, read (RP) and write (WP) request lines, 
a data valid (DAV) line, and squelch and send lines 
that parallel signals on the Molex connector (see fig. 
1). Ground and 13.8 volts (100 mA maximum) are also 
available on the connector. You'll need 14 TTL lines 
on your computer: eight bidirectional, four output, and 
two input. If you don't already have these lines, you 
can add them using a parallel interface adapter chip 
(e.g., a 6522, 6820, 6821, or 8255) or build them out 
of TTL latches. 

The EX-309 is easy to install once you realize that 

By Richard Bisbey II, NG6Q, Suite 1001,4676 
Admiralty Way, Marina del Rey, California 
90292-6695 


April 1986 BO 47 



fig. 1. Radio to computer connection. 


you can get the connector through its mounting hole 
if you insert it "end first." (You'll have to remove either 
the metal plate or the rubber dust cap covering the 
mounting hole first, of course.) The board mounts on 
the rear left bottom of the 271/471 and on the rear 
right side of the 751. There are RF chokes on the 
EX-309 board. However, you may want to insert fer¬ 
rite beads in the lines to minimize external signals 
entering the radio and being re-radiated between the 
connector and the board. If you go to the trouble of 
desoldering the connector, you might consider replac¬ 
ing it with a DB-25, which takes the same space, is 
cheaper, and is more readily available. You don't have 
to worry about maintaining compatibility with other 
accessories, since the only ICOM accessory that uses 
the EX-309 is the CT-10 RTTY TU, which is not cur¬ 
rently being imported into the United States by ICOM 
America. If you stick with the original connector, you 
can get its ribbon connector male mate for $7.95 from 
Jameco, 1355 Shoreway Road, Belmont, California. 
Be sure to specify the spring type, although the screw 
type will work satisfactorily. 

The EX-309 has three connections inside the radio: 
data bus (P4), control bus (P5), and send/squelch 
(J3). For the 271/471, P4goes to Logic Board J3, P5 
to Logic Board J1. For the 751, P4 goes to Logic Board 
J15, P5 to Logic Board J10. If you are installing the 
EX-309 in a 471, be sure to correct your schematic by 
adding the 13.8-volt line to Pin 9 on P5. The third con¬ 
nection, from J3 to the send/squelch lines, is made 
to Front Panel P12 on the 271/471, to the AF VR board 
on the 751. This connection is not listed in the instruc¬ 
tion sheet that comes with the EX-309. If you have 
more than one radio on the external bus, you probably 
won't want to make this third connection. If you were 


to make the third connection, the squelch and send 
lines for all the radios on the bus would be connected 
in parallel, and you couldn't remotely key individual 
radios or tell which radios were or were not squelched. 
Also, the squelch line on the 751 is 8 volts and requires 
a 5.1 volt zener diode to ground at the connector to 
make it TTL-compatible. 

Once installed, the interface is easy to use. The pro¬ 
tocol to use in communicating with the radio is as 
follows: 

1. Drop SRQ to 0V (to get the radio's attention). 

2. Use procedure A or B (see below) to send or receive 
a byte. 

3. If not finished, go back to step 2. 

4. Raise SRQ to 5V (to tell the radio you are finished). 
To send a byte to the radio, follow Procedure A, 

as follows: 

1. Set 8 bits of data on the data bus. 

2. Raise WP to 5V (to tell the radio you are writing 
data to it). 

3. Wait for the radio to drop DAV to 0V (to ACK 
receiving the data). 

4. Drop WP back to 0V (to A CK t he ACK). 

5. Wait for the radio to raise DAV to 5V. 

To receive a byte from the radio, follow Procedure B, 
as follows: 

1. Raise RP to 5V (to tell the radio you are reading 

data from it). _ 

2. Wait for the radio to drop DAV to 0V (to ACK send¬ 
ing the data). 

3. Get 8 bits of data from the data bus. 

4. Drop RP back to 0V (to ACK receiving the data). 

5. Wait for the radio to raise DAV to 5V. 

Only one command can be issued to the radio each 
time the SRQ line is lowered. Also, there is a mini- 
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mum time the SRQ line must remain high before it can 
again be lowered as well as a minimum time between 
lowering WP and raising SRQ when sending data to 
the radio. This limits the rate at which commands can 
be issued. Generally, the radios can accept up to about 
50 commands per second. Thus, the minimum dwell 
time for frequency-hopping, spread-spectrum uses 
would be 20 msec (subject to the settling time of the 
radio's PLL). Finally, if a radio fails to acknowledge 
an RP or WP within one second, it is either not con¬ 
nected or not powered on, or is simply otherwise 
occupied (e.g., scanning). 

commands and their operands 

Each 8-bit byte on the data bus is actually two 4-bit 
nibbles. The four most significant bits of each byte 
encode the command (or operation code). They are: 

• lx —Band Data (read only). 

• 2x —Frequency Data (read/write), 

• 3x — Mode Data (read/write). 

• 4x —Offset Data (read/write). 

• 5x —Set Memory/VFO (write only). 

• 6x —Memory Read/Write (write only). 

The four least significant bits of each byte encode 
address and data operands. The first hex digit is the 
radio's address. It is always written to the radio. Valid 
addresses are: 

•xl-HF — R-71 or 751 

• x2—50 MHz 

• x3-144 MHz -271 

• x4 — 220 MHz 

• x5 — 440 MHz - 471 

• x6 — 1200 MHz - 1271 

(Too bad ICOM didn't leave x6 for 902 through 928 
MHz and move 1200 MHz to x7.) Data operands follow 
the address, and, depending on the command, may be 
either written to or read from the radio. Each data 
operand consists of a string of hex digits delimited by 
"D" and "E." The radio will ignore all write data 
between the address operand and the first delimiter, 
"D." 

specific command information 

The following is a description of each command 
along with its operands, the actual hex bytes 
exchanged with the radio are shown, with the com¬ 
mand in the high nibble and the operand values in the 
low nibble. 

Command 1 — band data.This command allows the 
computer to read the frequency range of a radio. The 
frequency range is returned as: 
1D1m1m1m1m1m1m1E1D1n1n1n1n1n1n1E 
where mmmmmm and nnnnnn are the upper and 
lower frequency limits in tens of kHz. To request the 
frequency range of a 471, send the hex byte 15 (com¬ 


mand 1, address 5), and then read back the following 
sixteen bytes: 

ID 10 14 14 19 19 19 IE ID 10 14 13 10 10 10 IE 
i.e., 044 9. 99 to 043 0. 00 MHz. 

Command 2 — frequency data. This command 
allows the computer to read or write the radio's fre¬ 
quency. The frequency is a nine-digit number; the 
most significant digit is GHz, the least significant is 
tens of Hz. Attempts to set a radio to a frequency out¬ 
side its band limits are ignored. To set a 271 to 
145.67893 MHz, send: 

23 2D 20 21 24 25 26 27 28 29 23 2E 
i.e., 01 4 5. 67893 MHz. 

The radio will set unsent digits to zero, so the 
sequence: 21 2D 20 20 21 2E would set a 751 or R-71 
to WWV at 10 MHz. To read a radio's frequency, send 
hex 2# (where # is the radio's address) and read back 
eleven bytes (2D, nine digits with 2 in the leftmost nib¬ 
ble, and 2E), 

Command 3— mode data. This command allows the 
computer to read or write the radio's operating mode. 
Operand values are: 

0 - LSB 

1 - USB 

2 - AM 

3 - CW 

4 - RTTY 

5 - FM 

6 — CW-Narrow 

7 — RTTY-Narrow 

8 - LSB 

9 - USB 

A - AM 

B — CW-Narrow 

C — RTTY-Narrow 

D - FM 

Not all modes are possible on all radios. For exam¬ 
ple, the 271 and 471 lack RTTY capability. Thus, 4, 
7, and C wouldn't make sense for those radios, and, 
in fact, would leave the radio in an indeterminate 
mode. The sequence 31 3D 3C 3E would set a 751 to 
RTTY-Narrow, while the sequence 35 3D 31 3E would 
set a 471 to USB. To read mode data, send hex 3# 
(where # is the radio's address) and read three bytes 
(3D, one byte of mode with 3 in the leftmost nibble, 
and 3E). 

Command 4 — offset data. This command allows 
the computer to read or write the DUPLEX offset. It 
is similar to the OW button on the 271/471. The oper¬ 
and is a five-digit number, the offset in kHz. The 
sequence: 

43 4D 40 40 46 40 40 4E 
i.e., 0 0 6 0 0 kHz. 

would set the offset of a 271 to 600 kHz (we didn't 
really need the last two zeros), while the sequence: 
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45 4D 40 45 4E would set the offset of a 471 to 5 MHz. 
You can also read back an offset. 

The Offset command is of dubious value. First, 
there's no way to specify the offset direction or turn 
DUPLEX on or off. DUPLEX operation can be con¬ 
trolled only by front panel buttons. Also, while 
DUPLEX values can be stored and retrieved on the 
751, DUPLEX operation is not a supported feature! 
The DUPLEX button on the front panel of the 751 is 
really SPLIT — i.e., you transmit using one VFO and 
receive using the other. 

Command 5 — set Memory/VFO. This command 
allows the computer to switch between a VFO and the 
32 memories. It is write-only. Memory/VFO is denoted 


by two hex digits. The values are: 


00 - 

VFO 

11 

- 17 

01 - 

1 

12 

- 18 

02 - 

2 

13 

- 19 

03 - 

3 

14 

- 20 

04 - 

4 

15 

- 21 

05 - 

5 

16 

- 22 

06 - 

6 

17 

- 23 

07 - 

7 

18 

- 24 

08 - 

8 

19 

- 25 

09 - 

9 

1A 

- 26 

0A - 

10 

IB 

- 27 

0B - 

11 

1C 

- 28 

0C - 

12 

ID 

- 29 

0D - 

13 

IE 

- 30 

0E - 

14 

IF 

- 31 

OF - 

15 

20 

- 32 

10 - 

16 



The sequence: 51 5D 51 

53 5E would 

set a 751 to mem- 


ory 19, while the sequence: 53 5D 50 50 5E would set 
a 271 to the current VFO. Note that this command 
gives you no way to switch between VFOs. You're 
stuck with whatever VFO you started with. Also, the 
command is write-only, so you can't read the current 
VFO/Memory — your program will have to remem¬ 
ber it. Finally, this command is an example of the radio 
not really using "E" as a delimiter. If it did, 0E and 
IE would not be valid operands. 

Command 6 — Memory read/write. This com¬ 
mand allows the computer to transfer information 
between the VFO and memory. The command is 
write-only and is functionally identical to the WRITE 
and M>VFO buttons on the front panel. The oper¬ 
and is a single digit: 

1—VFO to Memory 

2 —Memory to VFO 

The sequence: 63 6D 61 6E stores the information in 
the current memory on a 271. 

a sample basic program 

Figure 2 is a simple BASIC program to control a 
271 and 471 for use with OSCAR-10. The program 


0010 REM 6522 addresses 

constants, and masks 

0020 OPORf - &HFMF 

1 data port address 

00.10 CPORT « &HFF40 

' control port address 

00-10 SRQ « &H04 

• SRQ bit 

OO'.O WP = &H02 

' WP bit 

CO'iO RP &K0! 

' RP bit 

00/0 DAV « &H80 

' DAV bit 

0040 DD1R = &HFF43 

' data port direction register address 

00')0 DOIJ! = &HFF 

’ data port lines to output mode 

011/0 DIN * AMDD 

1 data port lines to input mode 

0110 CDIR = &HFF42 

' control port direction register address 

0240 POKE CP0RI.SRQ 

’ set SRQ high, WP and RP low 

0210 POKE CDIR,SRQ*WP*RP 

1 set SRQ. WP, and rp lines output, DAV input 

0340 POKE CPORT.0 

1 set SRQ low (begin command) 

0310 V •- &H?3 

' command 2, address 3 (freq data for 271) 

0320 005.1/6 2000 

1 send Y to rad.o 

03 10 GOXUB 1000 

0310 FRK) a 0 

1 read and discard the "D" 

031.0 FOR 1 5 1 TO 0 

03 .0 GOMJB 3000 

03 10 FRF 0 ’ FRIO * 10 + Y 

0340 NC.KI l 

1 read 9 digits of frequency 

0340 GOMJB 3000 

' read and discard the "E" 

04 10 POKE CPORT. SRQ 

’ set SRQ high (end command) 

04 .0 X$ = "0” ♦ RIGHTS( ST RS< &8 

00400-fRFQ).8) ‘ calculate up-link frequency 

0600 /’OKI CPOfiJ.O 

' set SRQ low (beg • n command) 

0510 Y &H25 

’ command 2, address 5 (freq data for 4/1) 

06 >0 GOSUB 2000 

' send Y to the radio 

0 5 30 Y t 8,1120 

05 40 GOMJB 2000 

’ send delimiter '0" 

05 >0 FOR 1= 1 l(i 9 

' send 9 digits of frequency 

C5 .0 Y UAl.(M]|)J[X$. 1.1 )) * &H20 

05 70 GOMIB 2000 

CS (0 w: X I l 

05 10 Y &H2C 

06'10 GOMIB 2000 

' send delimiter "E" 

0610 POKE 6 PORI.SRQ 

0620 STOP 

set SRQ high (ena command) 

20:iO REM Subroutine A - 

write the value Y to the radio 

2010 POKE ODlh.llOUT 

set data port to output 

20?0 POKE I1PORT Y 

' set data 

2030 POKE CPORT WP 

' set write strobe 

2040 IF (l>UK( CPORT) AN0 DAV) 

> 0 1 HEN GOTO 2040 

201.0 POKE CPOfir 0 

' clear write strobe 

2060 IF ( PI[K(CP0RI) AND OAV) 
20/0 RE 1 URN 

0 THEN GOTO 2060 

3000 RFM subroutine B - 

read a byte from the radio into Y 

3010 POKE DD1R.1J1N 

■ set data port to input 

3020 POKI CPORF RP 

‘ set read strobe 

3 0.10 If (PEI K(i PORT) AND OAV) < 

> 0 THEN GOTO 3030 

3040 Y • PE t K(OPORT) AND &H0F 

' get data (without command nibble) 

301.0 POKI CPORT. 0 

1 clear read strobe 

3060 II (PI 1 KjH'ORT) AND DAV) = 
;io/o nr i urn 

0 1 HIN GO 10 3060 

fig. 2. BASIC program controls ICOM 271 and 471 for use 
with OSCAR 10. 


reads the 2-meter downlink receive frequency, then 
calculates and sets the 70-cm uplink transmit fre¬ 
quency. In this simple example, doppler can be 
accounted for by using the RIT on the 271, A more 
elaborate program would include automatic doppler 
correction computed from Keplerian orbital elements. 

Since most personal computers use BASIC, the 
example is written in "generic BASIC." It is, however, 
virtually guaranteed not to run on your "Acceleratrorj- 
J4Q" computer without some massaging, particularly 
with respect to I/O port assignments. It should be 
fairly simple, however, to translate it verbatim to your 
favorite microprocessor. The example uses a memory- 
mapped 6522 VIA chip to exchange information with 
the radio. I/O addresses and constants are defined in 
lines 10 through 110 ; control lines are initialized in 
lines 200 and 210. Lines 300 through 400 read the 
downlink frequency, line 450 calculates the uplink fre¬ 
quency, and lines 500 through 610 set the new uplink 
frequency. The subroutines at lines 2000 through 2070 
and 3000 through 3070 correspond to Procedures A 
and B, respectively. 
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extending ICOM computer control 

ICOM provides a very powerful, but incomplete 
command set for controlling the radios. Unfortunately, 
the radios lack direct commands to: 

• Control the DUPLEX direction or turn DUPLEX 
on/off. 

• Switch between VFOs or read the current 
VFO/Memory number. 

• Turn SPLIT on/off (for repeaters or HF split opera¬ 
tions). 

• Control PL frequency or turn PL on/off. 

• Control filters (other than CW/RTTY-Narrow). 

• Switch between HAM and GEN mode on the 751. 

• Control RIT/XIT. 

• Control volume, squelch, tone, RFgain, power, or 
noise blanker. 

First, the good news: combinations of the six stan¬ 
dard commands can be used to achieve many of the 
above functions. In what follows. I'll discuss several 
interesting functions that can be performed. Many 
others are possible. 

Now, the bad news: what I'm about to describe is 
not for the meek or timid. We're talking major brain 
surgery — i.e., changing the contents of your radio's 
RAM. There are downside risks. Even thinking about 
changing the contents of this memory probably voids 
your radio's warranty 87 different ways. Furthermore, 
what I'm about to describe may not even work on your 
radio. There's no guarantee that the memory map — 
i.e., the addresses and values — for my radios is the 
same as the memory map for yours. Nor is there any 
guarantee that the memory map will stay the same in 
future ICOM products (or even later models of the 
same product). Also, a slip of the scalpel, so to speak, 
can leave your radio lobotimized, and in need of a brain 
transplant (or at least a fresh memory, available from 
ICOM for $25). Proceed at your, own risk! 

Before venturing further, we must delve a bit deeper 
into the computer architecture of the radios. From a 
computer standpoint, the radios look like your garden- 
variety, vanilla-flavored microcomputer. They have 
CPU, a memory, display, and an 8 x 10 keyboard. The 
R-71, 751, 271, and 471 - and most likely the 1271 
— use the same computer architecture. In fact, they 
all use the same CPU chip and ROM program. The 
program supports all the features of all the radios. The 
"personality" of each radio is determined by a small 
2 x 2-inch (5.08 x 5.08 cm), removable board contain¬ 
ing a CMOS RAM. This RAM contains the radio's 
bands and band limits, the current VFO and memory 
channel, and the number of memories available, as 
well as the frequency, mode, band, duplex offset, 
duplex direction, and PL frequency for each VFO and 
memory. Changes to the contents of this RAM can 
result in drastic behavioral changes in the radio. All 


sorts of wonderful, unintended functions can be per¬ 
formed, such as switching between HAM/GEN modes 
and extending the frequency coverage. 

The R-71, 751, 271, and 471 each have 32 memo¬ 
ries for saving user information. The RAM to be 
changed is mapped into frequency and mode infor¬ 
mation for memories 33 to 255. These locations are 
inaccessible to the casual user operating the radio from 
the front panel controls. However, the memories are 
accessible via the computer interface. 

switching bands 

Each radio can cover one or more bands. The bands 
are expressed as upper/lower frequency bounds as in 
the Band Data command. The 751 has ten bands: 


0 

30.0 

- 0.1 MHz 

1 

2.0 

- 1.8 

2 

4.1 

- 3.45 

3 

7.5 

- 6.95 

4 

10.5 

- 9.95 

5 

14.5 

- 13.95 

6 

18.5 

- 17.95 

7 

21.5 

- 20.95 

8 

25.1 

- 24.45 

9 

30.0 

- 27.95 


On the 751, band 0 is the General Coverage mode, 
while bands 1 through 9 are Ham mode. The 271 has 
two bands: 

0 150.0 - 140.0 MHz 

1 148.2 - 143.8 

The CPU stores a single-digit band index, along with 
the frequency for each memory and VFO. The hun- 
dreds-of-kHz frequency digit at memory channel 38 
is also the band of channel 38. To switch bands, first 
issue a Set Memory/VFO command with hex 26 as the 
operand. Next issue a Frequency Data command to 
write a frequency with the appropriate band index in 
the hundreds-of-kHz digit followed by a Memory Write 
command. The frequency that you use must be within 
the band limits of the radio. Also, be very careful in 
selecting the band index, as an invalid band will result 
in an upper/lower frequency pair of 0.00 through 0.00 
Hz, not a very useful pair! Finally, issue a Set Mem¬ 
ory/VFO command with 00 as the operand to return 
the radio to the current VFO followed by a Memory 
Read command. The bands of Memory channels 1 
through 32 can also be changed through memory 
manipulation, but, in general, it's easier to change the 
band of a VFO and then store the VFO in a memory 
than it is to change the band of a memory directly. 

greater frequency coverage 

The frequency coverage of several of the radios can 
be extended beyond the band limits. For example, 
many 751s can be tuned below 100 kHz and above 
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WHAT’S REALLY 
HAPPENING 
IN HOME 
SATELLITE 
TV? 

THE HOME 
SATELLITE 
TELEVISION 
MAGAZINE 

A monthly of 100-plus pages—has everything you 
need to know about where to find equipment, how to 
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30.0 MHz. The additional frequency coverage appears 
to be both model- and radio- dependent. It is some¬ 
times even mode-dependent. 

All frequencies entered via the dial, the keypad, or 
the computer interface are checked to ensure that they 
are within the band limits. Frequencies outside the 
band limits are rejected. However, there are several 
ways to evade this check. The simplest is to find a fre¬ 
quency in memories 33 through 255 and transfer it to 
the current VFO. The radio does no checking on mem- 
ory/VFO transfers. Frequencies both above and below 
the band limits can be obtained. Frequencies above 
the band limits can also be generated by using the hex 
digits "A," "B," "C,” and "F" in certain digit posi¬ 
tions in the Frequency Data command. Use of these 
digits generates a carry in the next higher digit. 

In general, whenever you are outside the radio's 
band limits, you may tune only towards the band 
limits. For example, if you are above the band limits, 
you may tune only lower in frequency. If below, you 
may tune only higher in frequency. Attempts to tune 
in the opposite direction will place you at the oppo¬ 
site band limit. 

conclusion 

ICOM has incorporated computer control into its 
radios, and its current product line continues that inno¬ 
vative trend. With minimal hardware, any microcom¬ 
puter can be used to control the radios. The standard 
command set is simple, easy to use, and sufficient for 
most applications. Many functions not provided for 
by the standard command set can be realized by com¬ 
binations of commands. Although it's not discussed 
here, it's also a simple task to intercept the radio's key¬ 
board matrix and simulate button pushes with a com¬ 
puter. There's no question that computer-controlled 
radios can take the drudgery out of, and put the fun 
back into, Amateur Radio operation. 

ham radio 
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Prevent spikes 
from destroying 
your equipment 


AC line transient protection 


It all started when I destroyed my VCR with a 
lawnmower. Perhaps I should explain in greater detail. 
One summer day as I was trimming the weeds in my 
front lawn, my electric lawnmower blew a motor field 
rectifier and began to draw considerable current from 
the AC line. This situation was quickly, but not in¬ 
stantly, corrected by the house circuit breaker, which 
tripped and broke the circuit, as it's intended to do. 
Then, however, the electric fields in the motor col¬ 
lapsed, producing a large back EMF on the now-open 
circuit AC cord. Unfortunately, this cord connected 
the mower to the same circuit on which my VCR was 
patiently awaiting the start of a "Sky King” rerun. 

The VCR, like a lot of new equipment — including 
most new Amateur rigs and the computer on which 
I write — doesn't like to see high voltage spikes cou¬ 
pled into its relatively fragile CMOS logic integrated 
circuitry. On a computer, line spikes or transients can 
cause data drop-outs, so-called "soft” errors in the 
RAM memory, or other grief. In my VCR, the unusu¬ 
ally large transient simply fried some component on 
the microprocessor board. Fortunately, the VCR was 
still under warranty. 

I decided that some transient protection would be 
necessary. A quick check of the catalogs showed that 
many manufacturers make line cord sets with transient 
suppression to reduce the chances of just this sort of 
occurrence. But these outlet boxes cost at least 
$30.00, so I decided to try to build some lower-cost 
version of these outlet boxes, using the same type of 
line transient protection devices. I could then distrib¬ 
ute these protective boxes about my house to protect 
any electronic equipment that would be sensitive to 
high voltage transient peaks on the AC mains. 

In this project. I've taken a low-cost approach to 
transient protection that uses commonly available 
metal oxide varistors. The method could easily be 
adapted to many of the commercially-available outlet 
boxes or AC junction strips found in most hardware 
stores. The total cost of each protected outlet box is 
about $5.00. 


metal oxide varistors 

A metal oxide varistor (MOV) is a voltage-dependent 
semiconductor device that acts much like a pair of 
back-to- back zener diodes. The MOV is placed across 
the AC input of the device to be protected. Under nor¬ 
mal conditions, the MOV has a high input impedance 
so it draws a minimal amount of power. However, if 
the voltage across the AC line increases to a point 
above the turn-on voltage of the MOV, it suddenly 
switches to a low-impedance state. This low 
impedance is in shunt with the line, so the AC volt¬ 
age is limited. Once the transient passes — i.e., the 
AC line voltage returns to normal — the MOV recovers 
and returns to its high-impedance, stand-by state. 

Most of the voltage increases that appear on the 
AC mains are of momentary duration and are caused 
by switching large loads, especially inductive loads, 
on or off, or by lightning strikes (at a distance, not 
directly on the equipment). This means that even 
though the transient may be many hundreds or even 
thousands of volts, since it does not last long (a "typi¬ 
cal” transient might last a few tens of microseconds) 
there is little total energy in the spike, and the energy 
can be safely dissipated in the MOV. 

A typical MOV intended for use on a 120 volt AC 
line has the specifications shown in table 1. It can take 
up to 4500 Amperes in a spike with a total energy of 
35 Joules, which means that if it is clamping the line 
at the specified maximum of 225 volts, the transient 
may last only about 30 microseconds. This explains 
how a small device, no bigger than a rather large disk 
capacitor, can tolerate 4500 amperes — it does so only 
for a few microseconds, and not too often, at that. 
However, by clamping the line to 225 volts, the MOV 
can do a great service to us in protecting the seem¬ 
ingly delicate, certainly complex equipment we now 
find commonplace in our homes, computer rooms and 
ham shacks. 

By Jerry Hinshaw, N6JH, 4558 Margery Drive, 
Fremont, California 94538 
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fig. 1. An illustration of the two modes of voltage tran¬ 
sient which are encountered on a typical 3 wire circuit. 
( A I, the case when the potential between hot and neutral 
is abnormally high due to a transient. (SI. an alternate 
transient mode where the power-carrying lines are ele¬ 
vated above the safety ground. 


The manufacturers' data sheets provide detailed 
design information that permits us to calculate the type 
of MOV needed for any expected transient. However, 
I found such data to be of little practical use because 
I can't predict what type of transient one might expect 
on the AC lines in my typical tract home. Therefore, 
I merely selected a MOV that had a large current 
capacity and the lowest available varistor voltage 
because these factors seemed likely to offer the max¬ 
imum protection. Furthermore, there was only one 
type available at the local Radio Shack, which pretty 
well directed my choice. In general, though, it's best 
to select a MOV with the lowest turn-on voltage that 
will still permit normal operation of the equipment you 
choose to protect. This choice means that a maximum 
range of clamping is available and that the minimum 
excess spike is coupled into the equipment. More 
detailed information is available from the manufac¬ 
turers. 

There are two modes of voltage transient which the 
suppressor should be able to shunt. In the first, a tran¬ 
sient may cause the voltage across the AC lines to rise 
above the nominal 120 volts rms (I am speaking about 
the US standard mains, but these concepts apply to 
power mains worldwide). In this case, the voltage 


between the two lines rises abruptly above the nomi¬ 
nal value with respect to a ground reference. This can 
be called a differential mode transient because there's 
a difference between the reference point and each of 
the two lines. 

Figure 1A shows this common mode voltage tran¬ 
sient schematically, with two hypothetical voltmeters 
placed across the AC lines. These meters are 
hypothetical in that they are presumed to have instan¬ 
taneous response and are depicted at the exact 
moment a transient has caused the voltage across the 
hot and neutral lines to soar far beyond the nominal 
value. However, the neutral-to-ground voltage is not 
significantly disturbed. 

The second type of transient is shown in fig. IB. 
Note that the potential across the hot and neutral lines 
can be normal, or nearly so, while their potential to 
ground can be very great. This type of "elevation" can 
be as damaging to electronic circuitry as the differen¬ 
tial type of transient. In order to protect equipment 
from these two distinct modes of transient behavior, 
we need to have two sets of suppressors. One sup¬ 


table 1. Specifications of a typical MOV designed 
for 120 VAC use, the General Electric V130LA10A. 

Varistor voltage, minimum 

185 volts 

Varistor voltage, nominal 

200 volts 

Varistor voltage, maximum 

225 volts 

Peak current, maximum 

4500 amperes 

Energy 

35 joules 


pressor must be placed across the AC line and a sec¬ 
ond set should be placed from each side of the line 
to ground fig. 2B. Clearly, if there is no ground line 
present, as in fig. 2A, only one MOV suppressor is 
needed for protection, as long as no other path to a 
safety gound exists. 

construction 

Now that the MOV has been selected, it must be 
safely installed across the AC input of the equipment 
to be protected. One good way to do this is to install 
it inside the equipment itself. Another way is to some¬ 
how place the MOV across the input line between the 
equipment and the AC outlet. I chose to do the latter 
because I found a source of low-cost AC outlet boxes 
that suited my needs. 

The AC box I chose is a plastic unit originally 
designed to expand a US standard two-plug outlet into 
a six-outlet box. It is easily installed by removing the 
usual switchplate and plugging the new unit into the 
wall. A single screw secures the outlet box into the 
threaded insert that originally held the outlet cover 
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fig. 2. A simple schematic diagram showing how the 
MOV is installed to protect equipment from power line 
transients. [A), placement of the MOV in a two-wire sys¬ 
tem. (S|. Three MOVs are used to fully protect a system 
which has a third conductor as safety ground. 


plate. This type of accessory box seems widely avail¬ 
able and has the advantage of providing extra outlets, 
which are often useful. Furthermore, it has enough 
room inside to mount several MOVs easily. You can 
separate the box into two independently protected cir¬ 
cuits, if you desire. 

The outlet box I chose was designed to convert two 
standard three-wire outlets into six three-wire outlets. 
Made of plastic, it contains two sets of contacts, each 
set consisting of three conductors, one each for the 
ground, neutral and hot sides of the AC line. The 
interior construction of the box is shown in fig. 3. The 
box protrudes perhaps 1.5 inches out from the wall 
when it's installed, so there's space inside for install¬ 
ing the MOVs. 

The figure also shows one MOV installed across the 
two main conductors of one set of three outlets. No 
protection against common mode transients has been 
installed, so there's no MOV installed between the 
ground pin and either of the other two pins. This is 
because in my house, although some of the outlets 
do have ground pins, there are, in fact, no ground con 



fig. 3. Interior view of the accessory outlet box with one MOV 
installed across the AC hot and neutral lines. Note the pro¬ 
tective sleeving on one of the MOV's leads. 



fig. 4. The completed outlet box installed and in use. 


nections actually present inside the wall. The original 
outlets in this house are two-wire outlets, which is typi¬ 
cal of most houses built before the 1960s, when local 
electrical codes gradually began to require the use of 
three-wire, grounded outlets. Thus, there's only one 
MOV installed in this box. This MOV is placed across 
the hot and neutral lines as shown. The metal con¬ 
ductors easily take regular tin-lead soldering, so that 
it is simple to permanently solder the leads of the MOV 
across the circuit. Note that one of the leads of the 
MOV must cross over the other lead's AC connection. 
At this point it is imperative that you install good insu¬ 
lation. I used two pieces of heat-shrink tubing, one 
inside the other. Remember, this circuit is not powered 
by a low-voltage supply like a typical digital breadboard 
think "safety" throughout the project! \Af\r+ 
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Once the MOV circuitry is installed, replace the back 
cover of the box. This particular unit is installed after 
the cover plate of the old outlet has heen removed. 
A long screw secures the box to the wall. The com¬ 
pleted unit, ready to install on a wall outlet, is shown 
in fig. 4. It protrudes a bit from the wall, but where 
there were two unprotected outlets before, there are 
now six transient-protected outlets available. The total 
construction time, if you want to call such a simple 
procedure by so elaborate a term, is well under an 
hour. 

Now my VCR, my ham shack, and my computer 
each have their own transient protection box. The 
lawnmower has yet to blow another motor rectifier, 
but I have fair confidence that, should it happen again, 
the delicate electronics components will be better off 
than before, when they faced high voltage transients 
completely unprotected. The cost of a few of these 
suppressor outlet boxes seems like cheap insurance 
to me. 

ham radio 
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Six jumpers plus 
60 minutes equals: 

• eight additional memories 

• 10-Hz readout 

• scanning 

• full transmit coverage 


modifying the Trio-Kenwood 

TS-930S 


Kenwood's TS-930S transceiver includes a number 
of unadvertised capabilities. This article describes four 
of them that can be enabled by making just four sim¬ 
ple modifications. These modifications require no addi¬ 
tional parts except for one solder lug and about 3 feet 
(0.9 meter) of No. 18 (or smaller) insulated wire. They 
can be completed within an hour after removing the 
930's covers. 

I'll describe the modifications first, then explain how 
to install them. 

four simple mods 

• Mod 1: eight additional memories. Adding one 
jumper results in each VFO (A and B) having 8 mem¬ 
ories, creating a total of 16. 

• Mod 2: 10 Hz readout. Ever notice the unused 
seven-segment LED on the left end of the frequency 
display? One jumper makes it usable by shifting the 
frequency display one digit to the left, resulting in 10 
Hz resolution of the displayed frequency. 

• Mod 3: Scanning. Add one jumper and the 930 
will scan through the 8 frequencies stored in either of 
the VFO A or B memories. 

• Mod 4: Full coverage on transmit. Add three 
jumpers and the 930 is ready to transmit on WARC, 
MARS, and the remainder of the nonamateur frequen¬ 
cies in the 1.5—30 MHz range. 

getting ready 

As with all modification articles, please read this arti¬ 
cle several times before you heat up the soldering iron. 


Doing so may well save you headaches later when you 
apply power to the set. 

After disconnecting everything from your 930, 
remove the top and bottom covers (16 screws) and 
place the rig top side up, facing you, on a cushioned 
surface. Each of the modifications requires access to 
the digital-unit board, which is hidden under the 
speaker and VOX control assembly, which can be 
removed by removing the four screws that hold it to 
the main chassis of the 930. Lift the assembly upward 
slightly and disconnect the small 2-conductor plug 
(with the red and white wires) from the digital-unit 
board. Disconnect the speaker leads (remember their 
polarity) and the other two connectors that plug into 
the small board directly beneath the VOX controls. Set 
the assembly aside. 

Two of the mods require access to the back of the 
front panel. This is easily accomplished thanks to the 
cabinet's sensible design. On each side of the 930 
you'll find the front panel mounting brackets. There 
are two flathead screws and one roundhead screw in 
each bracket. Refer to fig. 1 for their locations. Move 
the 930 toward the front of your work table so that 
a few inches of the rig hangs over the edge. The panel 
will tilt forward after (1) removal of the two flathead 
screws from each bracket and (2) careful loosening 
— not removal — of the roundhead screws. The panel 
may tilt on its own, so keep one hand on it while you 

By Roger J. Hoffman, WB9BXT, 5719 La Vis¬ 
ta Drive, Alexandria, Virginia 22310 
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fig. 1. Front panel mounting bracket screws. 



fig 2. Contact for mod 2 is at 12 o'clock position. 



fig. 3. Connections for mods 1.2. and 3 on digital unit board. 

loosen the roundhead screws. Tilt the panel down 
about 60 degrees and retighten the roundheads. This 
will help to maintain the tilt of the panel and will pre¬ 
vent straining the multitude of wires connected to it. 

mod installations 

Mod 1 (8 additional memories) requires a jum 


per from pin 5, plug 7 on the digital-unit board to 
ground through a switch. The function switch (VFO 
A, VFO B, etc.) has an empty contact to ground when 
it is placed in the VFO B position. Figure 2 shows the 
location of the switch contact on the back of the 
switch's circuit board. Check continuity to ground 
through this contact to verify that you have the right 
one. Remember to place the switch in the VFO B posi¬ 
tion for this check. Solder one end of the jumper to 
this contact. The other end of the jumper needs to be 
bent into a small hairpin loop and fitted into the empty 
hole for pin 5, plug 7. (See fig. 3 for the location of 
plug 7.) My 930 is seldom moved, so I don't worry 
about the jumper possibly pulling out of the hole. 
You'll need to experiment a bit with the size and shape 
of the hairpin to achieve a snug fit. 

When finished, power up the 930 and program a 
few frequencies into the VFO A memories as you nor¬ 
mally would. Then select VFO B and program a few 
more frequencies. Recall the memories, switching 
between VFO A and B. You'll notice that you now 
have the capability of 16 memories. If not, go back 
and check your jumper. 

Mod 2 (10-Hz readout) requires installation of a 
jumper from pin 1, plug 8 on the digital-unit board to 
ground. (See fig. 3 for the location of plug 8.) I used 
the hairpin trick again to connect the plug end of the 
jumper. A solder lug is connected to the other end, 
which can then be connected to any convenient screw 
in the chassis. I used one of the speaker/VOX assem¬ 
bly holddown screws. Test the mod by powering up 
the rig. 

Mod 3 (scanning) requires a jumper from pin 3, 
plug 8 on the digital-unit board to ground through a 
switch. Use the hairpin method to connect the jum¬ 
per to the plug. The other end of the jumper connects 
to the panel light DIM switch, which has an extra con¬ 
tact to ground when it's in the DIM position. (Figure 
4A shows the location of this contact, with Figure 
4B showing this in greater detail. Again, check con 
tinuity to ground with the switch in the DIM position 
to verify that you have the correct contact. When 
you've finished this modification, power up again, load 
up the memories, select VFO A and depress the DIM 
switch. Notice that the scanning starts with memory 
channel 1, scans to 8, and repeats, stopping on each 
channel for about 2 seconds. To scan VFO B mem¬ 
ory channels, you must first initiate scanning in VFO 
A and then select VFO B. Scanning will not initiate 
in VFO B. In addition, only 8 channels can be scanned 
(that is, either VFO A or VFO B). 

Mod 4 (full coverage transmit) requires three 
jumpers on the digital-unit board. The first one pro¬ 
vides transmit coverage for the WARC bands. The 
other two provide the remaining coverage. If the 
WARC jumper is not installed, the 930 will still trans- 
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fig. 4A. Dim switch circuit board. 


mit over the entire 1.5 to 30-MHz range with the 
exception of the 0.5-MHz segments, that contain the 
WARC bands. If you want only the WARC coverage, 
install only the first jumper, which goes from pin 12, 
U23 to ground. (Note: on two of the three 930s I've 
modified, the WARC jumper had already been installed 
at the factory). The second jumper goes from pin 9, 
U11 to pin 12, U21. The third jumper goes from pin 
9, U12 to pin 12, U22. A close inspection of fig. 5 will 
show that each of the connections to the above ICs 
can be made on unused solder pads on the digital-unit 
board. I melted a small amount of solder on each of 
the pads before installing the jumpers. The grounded 
end of the WARC jumper can be attached to the same 
solder lug that was used for the 10-Hz mod. You'll find 
that the optional tuner (AT-930) covers the WARC 
bands, but not the general-coverage bands. 

final steps 

Reinstall the speaker/VOX assembly, remembering 
to reconnect the four cable assemblies that were dis¬ 
connected earlier. Reattach the front panel, taking care 
not to pinch any wires. Replace the covers, and enjoy! 

conclusion 

What's my assessment of the mods? Well, I hardly 
ever used the eight memories that came with the 930, 
so I really didn't need eight more, although I do use 
some of them now for scanning. I use the scanning 
feature to locate the family net at 14.177 MHz ( ± ) by 
programming from 14.175.5 to 14.179.0 in 50-Hz steps 
and scanning through them while attending to other 
tasks in the station. I also use it for checking band 





fig. 5. Location of connection points for mod 4. 


openings by programming frequencies in different 
bands. One caution: the 930 will scan as long as the 
DIM switch is depressed. This includes the transmit 
mode, so be sure to disable the scanning before trans¬ 
mitting! The 10-Hz resolution isn't needed except to 
program scanning frequencies, so it's really just a nov¬ 
elty. The full transmit coverage is necessary if you 
want to use the 930 on some of the MARS frequen¬ 
cies, as I do. 

Thanks go to DL3AM and KW9G (ex-WA9GMK), 
who assisted in installing these modifications. Thanks 
also to Trio-Kenwood for its courteous approval of my 
request to reproduce portions of the 930 Technical 
Service manual for this article. Copies are available 
from TRIO-KENWOOD, 1111 West Walnut Street, 
Compton, California 90220. 

ham radio 
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PRACTICALLY SPEAKING 


keep it cool . . . and 
you'll keep it long 

"Keep cool" — good advice for peo¬ 
ple on a hot day, and good advice for 
electronic equipment anytime. Heat is 
the number-one assassin of electronic 
equipment. 

Many device ratings are based on 
maintaining certain operating temper¬ 
atures. One manufacturer of a "hob¬ 
byist grade" audio power transistor, 
for example, offers (and advertises 
prominently) a transistor with a seem¬ 
ingly tremendous collector power dis¬ 
sipation. But there's a catch: the 
power is available only at room tem¬ 
perature (77-86 degrees F, or 25-30 
degrees C). At temperatures above 30 
degrees Celsius, the transistor must be 
derated substantially. No matter where 
the transistor is used, if it's inside a 
cabinet or box the temperature will 
almost certainly exceed 30 degrees Cl 

Similarly, RF power transistors in 
transmitters die as often from over¬ 
heating as from that elusive gremlin, 
VSWR, but the problem is less well 
recognized. I know one ham who lost 
the power transistors in his trunk- 
mounted 100-watt 2-meter power 
amplifier several times before he real¬ 
ized that the heat was the culprit! Dur¬ 
ing the summer months, the trunk of 
a car will sizzle even though the air- 
conditioned passenger cabin cools off 
within a few minutes. Moving the 
amplifier to behind the dashboard 
cured the problem. 

Reliability experts measure equip¬ 
ment performance in terms of "Mean 
Time Between Failure” (MTBF), which 
is usually expressed in hours. For 


example, an MTBF of 1000 hours 
implies that, for a large number of 
samples of the equipment, an average 
of one soul-destroying failure per thou¬ 
sand hours of operation will occur. 
One source claims that a 10-degree C 
rise in operating temperature will cut 
the MTBF almost in half. 

Just how important is cooling in 
electronic equipment? Let's consider 
some examples. About ten years ago 


ro 

fig. 1. (/t) Typical low-signal (low-heat 
transistor) does not use a heatsink. (B) 
Top-hat finned heatsink helps power 
transistors run cooler. 


I worked in a university hospital, repair¬ 
ing patient-monitoring equipment. The 
EKG oscilloscopes at the nurses' cen¬ 
tral station were a reliability nightmare. 
About once a week, usually at 3 AM, 
the staff would call me to come repair 
one of the four 'scopes. Yet the same 
model 'scopes operated reliably at the 
patients' bedsides. The problem was 
overheating of the central station 
'scopes, which were mounted inside 
a completely closed desk/console. 
After ten 1 -inch ventilation holes were 
cut and a pair of 100-CFM "whisper 


fans" were installed, central station 
'scopes became as reliable as the bed¬ 
side 'scopes. 

A second example is a story of trag¬ 
edy prevented. My first personal com¬ 
puter was a Digital Group, Inc., Z80- 
based machine with 26K (2102 chips) 
of static memory. In those days, my 
kilobuck bought (in kit form) a mother¬ 
board, three 8K memory boards, a 
CPU board, a 64-line TV/cassette 
interface board (with some static 
memory chips on-board), and several 
input/output boards. All of those 
boards contained lots of TTL devices, 
and they generated a large amount of 
heat. The builder had to supply the 
cabinet, a ± 12 VDC, 1-ampere dual¬ 
polarity power supply, and a +5 volt 
DC, 10-ampere regulated power sup¬ 
ply. Since I operated the computer 
next to a ham rig, EMI both to and 
from the computer was an issue, so I 
had to use a well-shielded aluminum 
cabinet —and shielding isn't always 
compatible with heat dissipation. 

At first all those cards and the two 
DC power supplies were buttoned up 
inside the almost unvented aluminum 
cabinet. Needless to say, the temper¬ 
ature of the cabinet rose to egg-frying 
levels, and the HEP S-7000 power 
transistor used as the series-pass ele¬ 
ment in the voltage regulator operated 
hot enough to take off skin when 
touched. I knew that computer would 
be a reliability headache if the heat 
were not removed, so I installed a pair 
of 40-50 CFM fans: a 3.5-inch (8.89 
cm) model blowing across the S-7000 
heatsink and a 4.5 inch (11.43 cm) 
model cooling the printed circuit board 
compartment. Because of the EMI 
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problem, the ventilation and blower 
opening were covered with perforated 
aluminum sheet metal. 

No one with any electronics experi¬ 
ence — however slight — can deny 
that heat is the primary killer of elec¬ 
tronic devices. Projects or equipment 
that pass or deliver large amounts of 
either current or power must be kept 
cool for proper operation. The meth¬ 
ods given in this article are simple and 
should be sufficient for most reader's 
applications. While reliability engineers 
and thermodynamicists may flinch at 
the lack of mathematical elegance, the 
methods are nonetheless effective. 

There's only one simple rule: where 
there's excessive heat, remove it. 
What do I mean by "excessive?" If the 
equipment feels too hot to touch, or 
has a history of unexplained failures 
and/or repairs, then it's probably run¬ 
ning too hot. An engineer will have 
specifications to meet and calculations 
to make, but these are beyond the 
scope of this article. The empirical 


"skin of the thumb" rule, however, 
suffices for our needs. 

Three basic tactics can be used 
either singly or in combination to dis¬ 
sipate heat: 

• radiate more heat, 

• improve natural ventilation, or 

• add or increase forced-air cooling. 

For most readers, water cooling isn't 
relevant even though some commer¬ 
cial broadcast transmitters use circulat¬ 
ing water for cooling. In fact, I once 
worked in a 10 kW AM broadcast sta¬ 
tion that used the waste heat from the 
transmitter's water radiator to heat the 
transmitter building! 

protecting transistors and 
1C regulators 

On small projects where it's not 


practical (or possible) to use forced-air 
cooling, you'll have to provide heat¬ 
sinking for the semiconductors. In 
fact, even most forced-air cooled 
projects will need these metal radia¬ 
tors. Fig ure 1A shows the metal TO-5 
transistor package. Most of these tran¬ 
sistors are mounted on printed circuit 
boards and are low-signal (and low- 
heat) devices. But certain TO-5 tran¬ 
sistors operate at moderate power 
levels (in audio drivers, for example). 
A "top-hat" finned heatsink ( fig. IB) 
is mounted on the TO-5 package to 
radiate heat. There are also other 
"spring clip" versions of this same kind 
of heatsink. 

Figu re 2A shows two forms of plas¬ 
tic power device package. You'll find 
these packages in power transistors 
(e.g., 2N5249), thyristors, and three- 
terminal 1C voltage regulators. In the 




® 

fig. 3. [A | Large finned heatsink used with TO-3 transistors, high-current voltage regu¬ 
lators, high current diodes and SCRs. (6) The "right" and "wrong" way of forcing air 
over finned surfaces. 
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case of regulators, the devices are 
often rated at 750mA in free air and 
1000mA when heatsinked. Either ver¬ 
tical or horizontal finned sheet metal 
heatsinks (fig 2B) are used to provide 
heat dissipation. Be sure to use a thin 
layer of silicone heat transfer grease 
between the metal tab surface on the 
transistor (or regulator) and the heat¬ 
sink. Also be sure to tighten the 
mounting screw properly in order to 
facilitate heat transfer to the heatsink. 

Sheetmetal heatsinks are used for 
TO-3 transistors and three-terminal 
regulators that are mounted on printed 
circuit boards. The bent sheetmetal 
heatsinks are good for up to about 10 
watts of power, or voltage regulators 
up to 1.5 amperes. For the 3-ampere, 
5-ampere, and 10-ampere voltage 
regulators that also use a TO-3 pack¬ 
age, it would be better to use a larger 
finned heatsink. 

Often the metal chassis itself is used 
for heatsinking. In these cases the 
transistors are bolted either directly to 
the metal chassis or mounted with 
mica insulators. In both cases, silicone 
heat transfer grease is used between 
the semiconductor device and the 
chassis. This method is especially suc¬ 
cessful when the chassis is large or 
unusually thick. 

Some printed circuit boards use 
large areas of unetched copper foil 
and/or large metal ridges or blocks to 
provide better heatsinking. This 
method is used especially where there 
are not single particular devices that 
can be individually heatsinked (e.g., a 
TO-220 transistor), but rather when 
there are a large number of heat- 
producing devices (such as TTL ICs). 

There are many different forms of 
large, finned heatsinks used for TO-3 
(and other) transistors, high current 
voltage regulators, high current 
diodes, and SCRs; fig. 3A shows a 
side view of one of these heatsinks. In 
this case, the TO-3 transistor (or other 
device) is mounted on the flat central 
surface of the heatsink with screws. In 
most situations, it's wise to use a thin 
smear of silicone heat transfer grease 
between the device and the heatsink. 
This grease is especially necessary 


when a mica insulator is placed 
between the semiconductor device 
and the heatsink. Again, it's essential 
to make sure that the mounting screws 
are cinched down tight enough to 
allow maximum heat transfer (but not 
enough to distort the device package). 
The big concern in selecting a heatsink 
is the amount of surface area, meas¬ 
ured in square inches or square centi¬ 
meters. 


When forced air is used to cool a 
heatsink — always a good idea when 
the power and/or current is high — 
then the orientation of the heatsink 
with respect to the airflow is some¬ 
times important. Figure 3B shows 
right and wrong ways to force air over 
the finned surfaces. Keep in mind, 
however, that the orientation is not 
always critical, especially when air 
from the "wrong" direction is suffi- 
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fig. 4. Suspending components above boards aids in air circulation and subsequent 
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fig. 5. Correct way of forcing air past multi-bands. (A) side view (B) top view. 
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fig. 6. Another method of cooling multi-boards requires slots to be cut in socket¬ 
mounting chassis. 



© 



fig. 7. Several methods available for cooling RF power amplifier tubes. (A) Airflow is 
directed across glass envelope by fan. (B) Air flow is forced through socket and glass 
air chimney. 


cient or blows over the entire surface. 
The designations "right" or "wrong" 
are merely general considerations for 
some critical applications. 

other components 

Not only power transistors generate 
heat. Rectifier diodes and power resis¬ 
tors should be mounted with their bod¬ 
ies 0.125 to 0.250 inches (0.317 to 
0.635 cm) off the printed circuit board 
(see fig. 4). This procedure allows the 
heat to dissipate into the air instead of 
into the PCB material. I've seen many 
phenolic and some fiberglass printed 
wiring boards badly damaged from the 
effects of a 10-watt power resistor 
mounted flush to the surface. Some 
"bargain basement" rectifier diodes 
can meet their rated forward current 
only when the rectifier is mounted 
0.50-inch (1.27 cm) off the board and 
has its axial leads cut to 0.75-inches 
(1.9 cm) or longer. Those diodes are 
overrated and should be used only in 
lower current applications or shunned 
entirely. 

Layout is important when power 
components are mounted on the PCB. 
Try to avoid clustering power compo¬ 
nents in one small area of the board, 
especially when using cheap phenolic 
board material. Avoid placing heat- 
sensitive parts near power compo¬ 
nents. For example, 10-watt resistors 
should not be mounted adjacent to 
polystyrene capacitors or small tran¬ 
sistors. 

Besides reducing the operating life 
or limiting the power output of circuits, 
overheating can also decrease perfor¬ 
mance in other ways. Certain circuits 
— oscillators, for example — are inher¬ 
ently sensitive to heat. There was once 
a popular three-band kit-form HF tran¬ 
sceiver that suffered immense VFO 
drift because the JFET VFO was 
located right next to the RF/IF strip 
tubes. Although that was such a bad 
design error that nothing would really 
"fix" the situation, a lot of Amateurs 
were able to improve the frequency 
stability markedly with some thermal 
insulating material placed between the 
RF/IF PCB and the aluminum VFO 
housing. 


large multi-board projects 

When I first felt the temperature of 
my Digital Group, Inc., cabinet I took 
steps to get rid of the heat, and relia¬ 
bility was improved. Rarely does the 
homebrew builder have the flexibility 


that I had with my Vector Electronics 
S-100 cabinet. In most cases, the 
builder must make do with only a sin¬ 
gle fan and must be clever to make 
best use of it. Figure 5A shows a typi¬ 
cal large-scale multi-board project — 
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such as a microcomputer or tran¬ 
sceiver — in which plug-in printed wir¬ 
ing boards are installed on a socketed 
motherboard. Usually, these PCBsare 
mounted in a closed cabinet for rea¬ 
sons of both EMI shielding and aes¬ 
thetics. 

If we apply air broadside to the 
PCBs, then only the first board in the 
line-up will benefit. Figure 5B shows 
a top view that allows visualizing right 
and wrong airflow directions. Obvi¬ 
ously, air coming in from the sides is 
able to remove heat from more of the 
PCBs with greater efficiency. 

Figure 6 shows a method used by 
a friend of mine who built a home¬ 
brewed 6502-based computer. He 
used a large metal chassis with a 
motherboard mounted on it to hold the 
PCBs. He cut 3/4 inch (1.9 cm) holes 
in both the chassis top and the 
motherboard to admit air between the 
boards. (Although only one hole is 
shown between each board in this side 
view, there were four per row in the 
actual project.) Air from the blower 
flowed up through the holes and 
across the electronics components on 
the PCBs. 

Linear amplifiers and high-power 
transmitters pose special heat 
problems. Some linears, for example, 
are only 45 percent efficient. There¬ 
fore, a 1000-watt linear amplifier 
delivers 450 watts of usable RF power 
and 550 watts of waste heat. To make 
matters even worse, the necessity of 
keeping harmonics at home means we 
button up all that heat in a shielded 
metal cabinet. 


Most RF power amplifier tubes used 
in Amateur Radio equipment must be 
cooled with forced air in order to real¬ 
ize their full ratings (some are abso¬ 
lutely dependent on cooling). Figure 
7 shows two methods for providing 
the needed cooling air. In fig. 7A we 
see a situation in which a blower is 
mounted so that the air flow is directly 
over the glass envelope. The fan may 
be mounted either outside the RF 
compartment (as shown) or inside, as 
in the Heath SB-221. 

The other method, shown in fig. 
7B, assumes the use of "air system" 
tube sockets. A blower or fan supplies 
air to the bottom side of the socket and 
the air is directed upwards through 
holes in the socket and around the 
glass evelope. A "chimney" aids in 
keeping the airflow against the 
glass. Some air system sockets have 
plumbing connections for the air hose, 
while others depend upon pressuriza¬ 
tion of the lower compartment. In 
either case, this socket is better 
because the pin seals with the glass are 
kept cooler. 

The plate cap pin seal should also be 
kept cool, if possible. Toward this end, 
some builders use a finned "heat dis¬ 
sipating" plate cap to make electrical 
connection to the anode. 

temperature measurement 

In some cases we'll want to provide 
either continuous for temporary mon¬ 
itoring of the actual operating temper¬ 
atures. Although there are elegant 
methods using thermocouple junc¬ 
tions, we can use a simple, low-cost 
PN junction temperature sensor. 
National Semiconductor and others 
manufacture such devices. Figure 8 
shows the simplest circuit for the 
National Semiconductor LM-335 diode 
device. The LM-335 will measure tem¬ 
perature over the range - 10 to +100 
degrees F I - 23 to +38 degrees C). In 
the circuit shown, the output across 
the diode will be 10 millivolts per 
degree Kelvin. Degrees Kelvin are the 
same as degrees Celsius, except that 
they're referenced to absolute zero 
instead of the freezing point of water 
(note: 0 degrees C = 273 degrees K). 


If you merely want to measure the 
temperature, then install the LM-335 
"diode" on the PCB and solder-tack 
the wires to it. The temperature can 
then be measured with an ordinary 
voltmeter. Otherwise, mount it perma¬ 
nently on the PCB. Another applica¬ 
tion is to use the voltage from the 
LM-335 to turn on a fan or an alarm 
when the temperature reaches a cer¬ 
tain critical limit. A high-power com¬ 
mercial transmitter uses one of these 
devices on each PCB and inside each 
subassembly compartment and then 
monitors all of them with a multi¬ 
channel A/D converter connected to 
a small "single-board computer/con¬ 
troller." A shut-down program can 
turn off the transmitter in an orderly 
manner — or warn the operator — 
when the temperature gets too high. 

conclusion 

Heat is the great destroyer of elec¬ 
tronic components. If a piece of equip¬ 
ment runs too hot, then the result will 
be unreliable operation, frequent 
breakdowns, and all the headaches 
that accompany low reliability. The 
simple methods shown in this article 
will enable you to build and/or modify 
equipment to gain the longest and 
most reliable use possible. 

ham radio 
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33 cm — our newest 
band 

CQ, CQ, CQ, this is KM2XMS calling 
CQ 33 centimeters . . . 

Silence . . . except for white noise. 

No one in my area had gear, 
although a few of us had FCC Experi¬ 
mental Licenses with those funny call 
signs. But now that's all changed, 
because on September 28, 1985, the 
FCC released our newest band, 33 cm, 
902-928 MHz. Unfortunately for me, 
an initial band opening QSO was can¬ 
celled as hurricane Gloria flattened our 
area that very day. Power wasn't 
restored for five days, so no opening 
day QSO's were possible. (Yes, I have 
a generator on order, but so do 5000 
other people in my area.) 

Now that it's ours, the new 33-cm 
band holds lots of promise for 
Amateurs. It's a generous chunk of 
spectrum — 26 MHz — nestled 
between the prime real estate of the 
communications companies and adja¬ 
cent to the UHF television band. This 
means that there should be more 
equipment (components especially) 
available, than for the 23-cm band 
(1240-1300 MHz), where high power 
linear tubes are scarce. 

Amateur Service on the 33-cm band 
is secondary to industrial, scientific, 
and medical (ISM), but this probably 
won't cause too many Amateurs any 
grief. However, restrictions will apply 
to Amateurs in Colorado, Wyoming, 
the United States possessions in 
Region 3 and those hams located near 
the White Sands Missile Range. The 


rest of us should enjoy a clean spec¬ 
trum free of spurious generators and 
radars. 

In order to get the ball rolling on 33 
cm, I've updated the material I pre¬ 
sented at the Eighth Annual Eastern 
VHF/UHF Conference in Nashua, 
New Hampshire, on May 17, 1983. 
This month's column will illustrate 
these entry-level circuits and tech¬ 
niques and should provide the neces¬ 
sary impetus to generate activity on 
the 33-cm band until more Amateur 
designs and commercial gear are forth¬ 
coming. 

overview of the band 

Our newest Amateur UHF band, 
large compared with the lower VHF 


table 1. Abbreviated ARRL 33-cm Interim 

VUAC Bandplan 

See Ref. 1 for more detail. 

Segment 

Use 

902-904 MHz 

Narrow-bandwidth weak- 
signal communications 
with 903.0-903.05 exclu¬ 
sively for EME and 903.1 
MHz as the weak signal 
calling frequency. 

904-906 MHz 

Digital communictions. 

906 907 MHz 

Narrow bandwidth FM 
simplex with 906.5 MHz as 
National simplex fre¬ 
quency. 

907-910 MHz 

FM repeater inputs. 

910-916 MHz 

ATV. 

916-918 MHz 

Digital communications. 

918-919 MHz 

Narrow-bandwidth FM 
control links and remote 

bases. 

919-922 MHz 

FM repeater outputs. 

922-928 MHz 

Wide-bandwidth 
experimental, simplex, 

ATV, spread spectrum. 


and HF bands, permits the greatest 
variety of authorized transmission 
modes. Hence, there's considerable 
interest in how the band will be sub¬ 
divided among the various interest 
groups. 

The ARRL VUAC (VHF/UHF Advi¬ 
sory Committee), in conjunction with 
the VRAC (VHF Repeater Advisory 
Committee) has set up the interim 
band plan shown in table I. 1 Note that 
the narrow-bandwidth, weak-signal 
segment (the frequencies to which this 
column is usually dedicated) is the 
lower 2 MHz of the band. Of prime 
interest is the weak signal calling fre¬ 
quency, 903.1 MHz, around which 
most of the communications on CW 
and SSB will probably prevail. 

Radio propagation on this band will 
be very similar to that experienced on 
the 70- (420-450) and 23-cm bands. 
Foliage attenuation will be more of a 
problem on 33 cm than on 70 cm, but 
scatter propagation should be better. 
This band should be perfect for EME, 
since small (i.e. 12-15 feet or 3.5-4.5 
meter) diameter parabolic dishes 
should be sufficient to produce 
reasonable echos with 500 watts of 
transmitted power at the antenna feed. 
Additional information on propagation 
can be found in references 2 and 3. 

antennas and transmission 
lines 

This band is in a transitional antenna 
region. While Yagi types of antennas 
should work, they will require close 
tolerances (0.04 inch or 1 mm) if the 
desired performance is to be attained. 
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The most probable antennas will be 
the parabolic dish and the loop Yagi. 
Details on parabolic dish design and 
construction can be found in refer¬ 
ences 4 and 5. Several loop Yagi 
designs are described in reference 6. 

The loop Yagi designs described in 
reference 6 can be scaled to the 33-cm 
band, but they will be either too long 
or too short, based on commonly 
available boom material. Therefore, I 
designed a 12-foot (3.65 meter), 33- 
element loop Yagi for 903 MHz using 
standard material stock. Its construc¬ 
tion is shown in fig. 1. 

This loop Yagi design should be 
duplicated exactly as shown if the gain 
of 19-19.5 dBi is to be attained. If any 
changes in the boom diameter, loop 
thickness or width are desired, the 
loops must be lengthened or shortened 
accordingly. This procedure, described 
in detail in reference 6, should be fol¬ 
lowed very closely. 

Transmission lines must be carefully 
chosen. RG-8 and RG-213/U types 
should be used sparingly since they 
have a loss of about 8 dB per 100 feet 
(30.5 meters). Belden 9913, hardline 
and Heliax™ are recommended. A 
thorough discussion of transmission 
line selection and nominal losses are 
covered in reference 7. 

up/down converters and 
transverters 

Receive and transmit up/down con¬ 
verters are often used on the VHP/ 
UHF bands. More recently, trans¬ 
verters have been gaining popularity; 
the advantages and disadvantages 
were discussed in references 8 and 9, 
so they won't be repeated here. 

Suffice it to say that transmit upcon- 
verters/transverters are preferred to 
multipliers since they will allow CW 
and SSB to be used at will. Further 
more, I recommend the modular 
approach to design, especially since 
this band is new and components and 
circuits can be easily upgraded as the 
available devices are selected and 
designed into improved circuits. 

mixers 

When designing a linear up/down 



Element 

Spacing 

Circumference 

Refl. 2 

1.000 

13.949 

Refl. 1 

5.454 

13.949 

Dr.El. 

6.819 

13.313 

Dir 

1 

8.428 

11.900 

Dir 

2 

9.621 

11.900 

Dir 

3 

12.178 

11.900 

Dir 

4 

14.736 

11.900 

Dir 

5 

16.532 

11.900 

Dir 

6 

19.851 

11.900 

Dir 

7 

24.966 

11.900 

Dir 

8 

30.081 

11.900 

Dir 

9 

35.196 

11.900 

Dir 

10 

40.311 

11.900 

Dir 

11 

45.426 

11.900 

Dir 

12 

50.541 

11.539 

Dir 

13 

55.656 

11.539 

Dir 

14 

60.771 

11.539 

Dir 

15 

65.886 

11.539 

Dir 

16 

71.001 

11.539 

Dir 

17 

76.116 

11.539 

Dir 

18 

81.231 

11.107 

Dir 

19 

86.346 

11.107 

Dir 

20 

91.461 

11.107 

Dir 

21 

96.576 

11.107 

Dir 

22 

101.691 

11.107 

Dir 

23 

106.806 

11.107 

Dir 

24 

111.922 

11.107 

Dir 

25 

117.037 

11.107 

Dir 

26 

122.152 

11.107 

Dir 

27 

127.267 

11.107 

Dir 

28 

132.382 

11.107 

Dir 

29 

137.497 

11.107 

Dir 

30 

142.612 

11.107 


Notes: 

1. Dimensional tolerances should be held to 
±0.013 with ±0.04 inch maximum. 

2. Reference all spacing from end of boom to pre¬ 
vent tolerance buildup. 

3. Loop length should be approximately 1/2 inch 
longer than circumference shown to allow 
1/4 inch overlap on each end of strap. The cir¬ 
cumference dimension shown is the actual dis 
tance between holes as shown. The straps on 
this design are made from 0,062-inch thick alu 
minum 3/8 inch wide. Any deviations from this 
width or thickness must be compensated for or 
performance will deteriorate. 

4. The driven element is made from brass 0.020 
inch thick and 3/8 inch wide. Details are shown 
below. 

5. Adjust height for best VSWR, 


fig. 1. A recommended 33 element loop Yagi for the 33 cm band. Gain is approximately 
19 dBi and beamwidth is approximately 20 degrees. Recommended stacking distance 
is 34 inches (86 cm) in the E plane and 32 inches (81 cm) in the H plane. See reference 
6 and text for further details. 
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fig. 2. A recommended mixer circuit for a receive type down-converter. Conversion loss is approximately 9 dB overall. LO level should 
be between 5 and 15 milliwatts. If a 28 MHz IF is not used, the diplexer must be modified as described in text. See text for other 
recommended dBm's. 



fig. 3. A recommended mixer circuit for a transmit type up-converter Overall conversion loss is approximately 9 dB. LO level should 
be between 5 and 15 milliwatts. IF input level should not exceed 1 milliwatt. See text for other recommended dBm's. 


converter, the first requirement is to 
choose a mixer. For many of the rea¬ 
sons mentioned in references 8 and 9, 
I recommend the doubly-balanced 
mixer (DBM) and, more specifically. 


the commercial packaged units. Many 
are available, but they must be care¬ 
fully chosen since most of the com¬ 
monly available types are restricted to 
500 MHz and down. 


The Minicircuits Labs SBL-1X (at 
$5.95), the SBL-1Z (at $6.95), the 
TFM-2 (at $11.95) — all prices are 
given for quantities of 10 to 49 — or 
the Anzac Electronics MD 110 (at 
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SHIELD (SEE NOTE I) 


IN/OUT 



Notes: 

I. 11 and L2 are in parallel and spaced 0 5 inch (127 cm) center to center 
The shield is 0.5 inch (1.27 cm) long and placed m middle between L l and L2. 
It extends from the grounded end upwards per sketch 

fig. 5. Circuit of a simple two-section 
bandpass filter suitable for a 33 cm low- 
level receiver or transmitter. Bandwidth 
is approximately 50 MHz and insertion 
loss is 0.5 dB. 


$19.00 each) are recommended. 
DBMs from other suppliers are likewise 
usable as long as they're specified to 
work up to at least 1 GHz. 





IN4/48 



—I Cl 110 pF air variable 

CRt: HP 5082-2810 hoi earner diode or equivalent 

h j f.1 Base lead ol Q1 plus 1/8 inch (3 mm) or No. 24 wire to Cl. 

I L2.L3 Use lull lead ol MRF901 and lack end to end per sketch. 

L4: 27 No. 24 1/10 inch (2.54 mm) inside diameter 

Of. Mf)F 901 or equivalent. 

02: 2N2907 or equivalent high gain PNP transistor. 


Notes 

I Use W0 ohms H used as transmitter amplifier. (See ten!) 


fig. 6. A simple low noise preamplifier fora 33 cm receive type converter. Gain is approx¬ 
imately 12 dB and noise figure is 2.5-3 dB typical. If the 200 ohm resistor in the constant 
current source is changed to 100 ohms, it will function well as a low level linear trans¬ 
mitter amplifier stage as discussed in text. 


A recommended receive-type down- 
converter DBM circuit is shown in fig. 
2. I prefer 28 MHz for an IF. The 
diplexer shown on this circuit is for 28 
MHz, per reference 9. Other IF's can 
be used, but the diplexer shown will 
have to be scaled to the new IF fre¬ 
quency or be eliminated. A recom¬ 
mended IF post amplifier is described 
in reference 10. 

Figure 3 shows a recommended 
low-level DBM circuit for a transmit 
up-converter. The operation of this cir¬ 
cuit is described in reference 8. This 
circuit will easily handle any desired IF 
up to 150 MHz. The IF input level must 
not exceed 1 milliwatt. 

filters 

Figure 4 shows a simple input filter 
that can be used ahead of a receive 
down-converter, especially if the input 
stage is untuned. It is not exotic, but 
will eliminate such out-of-band signals 
as TV, FM, etc. This filter is easier to 
build than a coaxial cavity, and its 


unique topology has a symmetrical 
response." 

A simple two-section bandpass fil¬ 
ter is shown in fig. 5. It should be used 
in the receive down-converter just 
ahead of the mixer to eliminate any 
out-of-band signals from reaching the 
mixer. This filter should also be used 
after the transmit mixer to prevent 
amplification of local oscillator, image 
and spurious signals generated by the 
mixer from being amplified in the 
transmitter. 

These filters are simple, but neither 
is real state-of-the-art. Interdigital 
types of filters with three sections are 
recommended for improved filtering 
per reference 11, but are beyond the 
scope of this month's column. 

low-level receiver 
preamplifiers. 

The MRF 901 bipolar transistor is a 
readily available (Radio Shack), low- 
cost device (under $2.00) that is sim¬ 
ple and straightforward to use. A 
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recommended circuit patterned after a 
previous design' 2 is shown in fig. 6. It 
uses series feedback and simple 
matching to achieve a moderate 2.5-3 
dB noise figure. It also has some built- 
in selectivity and reasonably high out¬ 
put power (over 5 milliwatts at 1 dB 
compression). 

A single preamplifier stage such as 
this one will normally be sufficient to 
yield an overall 3-4 dB noise figure in 
a typical converter as just described. 
Two such preamplifers can be used in 
cascade if a lower noise figure is 
desired. 

If a very low noise figure (less than 
1 dB) is required, the 902 MHz GaAs 
FET preamplifier in reference 13 can be 
used. However, this particular design 
has little if any input selectivity to reject 
transient or lower frequency emitters. 
Therefore, if this circuit is used, I 
recommend adding a 25-100 pF, low- 
loss ceramic chip-type capacitor in 
series between the input connector 
and the first circuit elements. 

Other GaAs FET circuit recommen¬ 
dations are described in reference 14. 
Reducing the size of the input induc¬ 
tor and capacitors in the circuit in this 
reference should yield a very accepta¬ 


ble noise figure with "built-in" front- 
end selectivity, thus killing two-birds 
with one stone. 

local oscillators and 
multipliers 

So far I have not mentioned a suita¬ 
ble local oscillator. The 33-cm band is 
unique in that it can be easily served 
with a simple crystal oscillator operat¬ 
ing in the 100 MHz region and followed 
by three doublers. This is a recom¬ 
mended approach. 9 

Figure 7 shows a recommended 
oscillator circuit similar to the one 
described in reference 9. If a crystal cut 
for 109.3625 MHz is used, the IF for 
903.0 MHz will be 28.1 MHz, a favor¬ 
ite IF of mine. 9 This circuit has been 
widely used. A low-pass filter has been 
added to the output to decrease oscil¬ 
lator harmonics. I recommend placing 
this oscillator in its own shielded box, 
away from heat and extraneous RF 
signals. 

Figure 8 shows a recommended 
multiplier circuit that consists of three 
doublers. It has a clean output and is 
relatively easy to align. The RF output 
level is sufficient to directly drive the 
DBM circuits. This circuitry is similar 


to that described in reference 9 and 
has been extended to the 33-cm band. 
It should also be placed in its entirety 
in a shielded box. 

If a transverter is used, the multiplier 
output power is sufficiently high 
enough so that it can be divided into 
two equal outputs. A Wilkinson-type 
power splitter is recommended since 
it has negligible loss (over the inherent 
3 dB power split) and provides high 
isolation (20 dB typical) between the 
two outputs. Hence there will be very 
little, if any, interaction between the 
receiver and transmitter. The Wilkin 
son-type power splitter I use is shown 
in fig. 9. Both transmission lines are 
75 ohms and are electrically a quarter- 
wavelength long at the local oscillator 
output frequency. 

transmitter circuits 

Finally we come to the transmitter. 
The output of the DBM shown in fig. 
3 will be about 16-17 dB below a mil 
liwatt with one milliwatt of IF drive, the 
maximum recommended level for a 
clean transmitter output. The DBM 
should be followed by either the filter 
shown in fig. 5 or an equivalent as 
described. 

This low-level output after the filter 
can be easily boosted up to a moder¬ 
ate power level with two amplifier 
stages, similar to the receive preampli¬ 
fier shown in fig. 6. All that's required 
is to change the 200-ohm resistor in 
the constant current source to 100 
ohms and remove the protection 
diode, CR1. Gain will then be about 13 
dB per stage and the 1 dB output com¬ 
pression point will increase to about 10 
milliwatts. 

Alternatively, Toshiba and NEC now 
make low-cost ($7-10), 902-905 MHz 
low-level linear hybrid modules. The 
Toshiba module part number is S- 
AU15; the NEC model part number is 
MC-5809.* Both units require about 8 
volts DC. Gain is just over 20 dB and 
the 1 dB output compression point is 

‘Toshiba is represented in the United States by Mat- 
corn, Inc., 450 San Antonio Road, Palo Alto, Califor¬ 
nia 94036. 

“NEC is represented in the United States by Califor¬ 
nia Eastern Labs, 3260 Jay Street, Santa Clara, Califor 
nia 95054. 


88 53 April 1986 








Lt 



fig. 9. A Wilkinson type two-way in-phase power splitter suitable for local oscillator power 
splitting in the range of 800-900 MHz. Other frequencies can be used by adjusting the 
length of the 7S ohm coax for 0.25 electrical wavelength at the desired frequency. 


mended. 1415 I'm sure Amateur 
designs using these tubes will be pub¬ 
lished shortly. 

For even higher power, I'm aware of 
only one published Amateur design. 16 
UHF TV tansmitting tubes should be 
readily available, especially as "pull¬ 
outs." The RCA 7650 and 7213 imme¬ 
diately comes to mind. Cavity-type 
amplifiers using these or other suita¬ 
ble tubes are recommended. 1516 I'm 
sure that many designs will be forth¬ 
coming as interest picks up in this new 
band. 



over 100 milliwatts. A typical circuit 
using these modules is shown in fig. 
10 . 

For higher linear power, CATV-UFIF 
type bipolar transistors can be used. A 
recommended circuit, patterned after 
the circuits described in reference 8, is 
shown in fig. 11. Gain is typcially 13 
dB per stage with a 1 dB compression 
point of 300 milliwatts. One or two 
stages can be used, depending on the 
desired gain and output power. This 
power level is more than adequate for 
local (i.e. up to 25 miles or 40 km) 
QSO's. 

For even higher solid-state linear 
output power, transistors similar to the 
NEC NE0801 (11 watts) are recom¬ 
mended. 2 I'm sure there are many 
other devices available from suppliers 
such as Acrian, Motorola, TRW, and 
Thompson-CSF's Solid State Micro- 
wave Division. Time and space does 
not allow for a detailed description of 
such circuitry at this time. 

For "quick and dirty" gain. Class 
"C" can be used. The same suppliers 
just mentioned can supply suitable 
class "C" bipolar transistors to at least 
25-50 watts. 

Furthermore, if only class "C" oper¬ 
ation is desired, both NEC and Toshiba 
make 7-12 watt output hybrid modules 
for the 33-cm band, which is, inciden¬ 
tally, a citizens' band in Japan. The 
NEC part number is MC-5843 and the 
Toshiba part number is S-AU11. 

A suitable circuit using these mod¬ 
ules is shown in fig. 12. These hybrid 
modules provide a power gain of 
approximately 30 dB and can be driven 


to full output with 100-200 milliwatts 
of drive. They require a nominal sup¬ 
ply of 12.5 volts at 2-3 Amperes of cur¬ 
rent and are great for portable oper¬ 
ation. 

high power 

Fligh-power amplifier designs are 
probably already available, but we 
have to seek them out. For moderate 
power (25-200 watts), the ubiquitous 
2C39/7829 in a cavity is recom- 


summary 

This month's column was mainly 
focused on getting started on the new 
33-cm band. Easy-to-build and dupli¬ 
cate circuitry was discussed. Although 
the power level available from this is 
low, it should be more than adequate 
for DX from 50 to 250 miles (80 to 400 
km) for band "warmer-upper's" and 
further if extended propagation condi¬ 
tions are present. 
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fig. 11. A recommended medium-power linear transmit amplifier. Gain is approximately 
13 dB and maximum output power at 1 dB compression is approximately 300 milliwatts. 



The designs just discussed are more 
than adequate for transmitter drivers 
and basic receive converters. 
Improved designs and higher power 
transmitter designs should be forth¬ 
coming and can be easily substituted 


or added on to the circuitry shown, 
especially if the modular approach is 
used. 

Let's welcome our ''newest'' UHF 
band. It was only a few years ago that 
power levels above 10 watts were 


uncommon on 23 cm, and we all know 
that great DX was worked there under 
good conditions. I'm sure the same DX 
is more probable on 33 cm. See you 
on 903.1 MHz! 
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important VHF/UHF events: 

April 14: ARRL 144-MHr Sprint Contest 
April 19/20: REF IARU EME Contest 
April 21: Predicted peak of tyrids meteor 

shower at 1945 UTC 

April 22: ARRL 220-MHz Sprint Contest 

April 25: EME perigee 

April 25-27: Dayton Hamvention 
April 30: ARRL 432-MHz Sprint Contest 
May 4: Predicted peak of the Eta Aquarids 

meteor shower at 1900 UTC 
May 8: ARRL 1296-MHz Sprint Contest 

May 10/11: So. Calif. € Meter Club QSO Party 
(contact N6FSL} 

May 16/18: 12th Annual Eastern VHF/UHF Confer¬ 
ence. Nashua, NH (contact W1EJI 
May 17: ARRL 60-MHz Sprint Contest 

May 24: EME perigee 

ham radio 
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Garth StonehocKer, KORYW 


1985 review 

Six months have passed since our 
last review of propagation conditions; 
now that data for 1985 is complete, it's 
time for a review of the year as a 
whole. 

The sunspot numbers (SSN) during 
the first four months of 1985 were just 
under 20, increasing through July to 
35 and diminishing during the final 
months of the year to 13. This repre¬ 
sented a decrease, over the year, of 7 
SSNs, or approximately 0.5 SSN per 
month. If this trend continues, we 
could expect a low of about 6 SSNs 
by late fall of 1986. Although new 
11-year cycle SSN sunspots were ten¬ 
tatively identified from polarization 
differences on September 11, no op¬ 
posite polarity spots at high latitudes 
have yet been seen. The cycle 21 SSN 
minimum may occur in September, 
1986. 

An equivalent pattern emerged in 
review of the 10 cm solar flux data. 
Monthly solar flux numbers in early 
1985 matched those of late 1984 at 74 
±2 units. A mid-year bulge of up to 
80 occurred instead of the minimum 
number expected; a minimum of 69.5 
occurred in September. The year 
closed with a 75 again. Note that the 
minimum monthly average in October, 
1984, was 73.5; in 1985, it was 69.5, 
which represents a decrease of four 
units. A continued reduction to 67 
units in a late summer month of 1986 
will be necessary for the solar flux 
minimum to be reached. 

The lowest daily solar flux value in 
the 11-year cycle so far, 66, occurred 
on August 17 and from October 6 
through the 9th. The highest value 
during 1985 was 101, on July 9. (The 
daily flux number will probably reach 


63 or 64 by next fall.) The 27-day solar 
flux variation of daily numbers, whose 
increase raise the monthly average, 
was 20 units or more in January, in the 
period between April and July (with 
May the highest solar flux, at 80.3), 
and in the month of October; a varia¬ 
tion of about 10 units occurred in 
February, March,, August, November, 
and December. September was quite 
"flat," devoid of any 27-day solar cycle 
activity, and therefore provided the 
minimum monthly average of the year. 
Four days of a solar flux of 66 were the 
year's minimum recorded just before 
solar activity began to increase again 
in mid-October. 

The geomagnetic A figure monthly 
average was, as usual, highest in April, 
the most disturbed month, and May, 
the quietest. Note the May inverse 
relationship to solar flux, a surprisingly 
frequent occurrence. Of the disturbed 
periods, April 20 to May 2 stands out 
as the highest and longest. The other 
months had two or three milder 
periods of disturbance separated by a 
few days of quiet conditions. That's 
the difference between the geomag¬ 
netic conditions in the winter minimum 
months and those of the equinox max¬ 
imum and summer months: the num¬ 
ber of big events decreases and the 
number of quiet days (at a lower A 
level) increases. As SSN minimum 
approaches this summer, the periods 
of solar 27-day activity should get fur¬ 
ther apart and be lower in intensity. 
The periods of geomagnetic distur¬ 
bance should also decrease in number 
and intensity. The sun simply takes a 
rest — Hi! 

You may recall from my December, 
1985, column on maximum usable fre¬ 
quencies (MUF) that an increase of 


one unit in solar flux results in an 
increase in MUF of 1 percent. The 
base line to start from for mid-latitude 
MUFs is MUF = 2.5 (0.036 SSN + 
5.28). The decrease in MUF from a 
geomagnetic disturbance is percent¬ 
age MUF= 0.375A + 3.75. Listen to 
WWV at 18 minutes after the hour for 
the data. 

last-minute forecast 

The first two weeks of April are 
expected to have low solar flux levels. 
Because the amplitude variation isn't 
more than a few units during this part 
of the 11-year sunspot cycle, the lower 
frequency bands are expected to pro¬ 
vide the best DX activity. The geomag¬ 
netic field should still be a problem this 
close to equinox, so look for distur¬ 
bances around the 4th to the 8th, from 
the 18th to the 22nd, and again on the 
28th of the month. Signal level varia¬ 
tions will be greatest during these 
periods and conditions won't be really 
stable in between, either, since equi¬ 
noctial periods don't produce many 
quiet days. The best days for the 
higher frequency band DX are more 
likely to occur from the end of the sec¬ 
ond week through the third. Expect 
some enhanced equatorial openings 
during the disturbances of the 21st. 

The perigee of the moon's orbit (for 
moonbounce DX) is on the 25th, with 
the moon showing full phase on the 
1st. There will be a short meteor 
shower, the Lyrid, on April 20-22, with 
a rate of five per hour — hardly much 
help for meteor-scatter DX. But a big¬ 
ger shower, the Aquarid, starts before 
the end of April, peaks on May 5, and 
ends in mid-May. Its rate is 10 to 30 
per hour. 

band-by-band summary 

Ten, twelve, fifteen, and twenty 
meters will be open from morning until 
early evening almost every day, and to 
most areas of the world. The openings 
on the higher of these bands will be 
shorter to the southern hemisphere 
and will occur closer to local noon. 
Transequatorial propagation on these 
bands will more likely occur toward 
evening during conditions of highest 
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GUS BROWNING, W4BPD’s 

DX’ERS MAGAZINE 

For over 17 years, Gus's OX ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely, 
pertinent information on when and where to find 
those elusive OX stations. 

Gus's personable, chatty writing style and his years 
of OX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14 00 
USA, Canada & Mexico. 

I Gus also prints high quality QSLs and other related items. 
^ 168 Write today for a free sample of his QSLs and DX'ERS MAGAZINE. 

Gus Browning, W4BPD • P0 Drawer 405 • Cordova, SC 29039 


solar flux and a disturbed geomagnetic 
field. 

Thirty and forty meters will be use¬ 
ful almost 24 hours a day. Daytime 
conditions will resemble those on 20 
meters except that skip distances and 
signal strength may decrease during 
midday on days that coincide with the 
higher solar flux values. Nighttime DX 
will be good except during pre-dawn 
hours after days of high MUF condi¬ 
tions and during periods of geomag¬ 
netic disturbance. 

Eighty and one-sixty meters will 
exhibit short-skip propagation during 
daylight hours and lengthen for DX at 
dusk. These bands follow the darkness 
regions, opening to the east just before 
your sunset and swinging more to the 
north near midnight, ending up in the 
Pacific areas during the hour or so 
before dawn on the path of your 
interest. The 160-meter band opens 
later and ends earlier than the 80-meter 
band. 
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improved repeater/ 
transmitter noise 
performance 

Solid-state technology has dramat¬ 
ically improved the reliability of most 
Amateur repeater systems. However, 
the changeover from tubes to semi¬ 
conductors has not always progressed 
as smoothly as expected for some 
repeater operators. 

Repeater desense is normally 
caused by inadequate transmitter-to- 
receiver isolation, allowing gain com¬ 
pression to occur in the repeater 
receiver. The 100 dB isolation charac¬ 
teristics provided by modern 
duplexers, when properly installed, 
make this an unlikely possibility. Alas, 
the duplexer is often blamed for poor 
repeater performance even though the 
problem is actually in the transmitter. 

If repeater desense occurs when a 
new solid-state exciter replaces an 
older tube type, chances are the prob¬ 
lem is caused by excessive transmitter 
noise products. The standard cure 
recommended for this is usually the 
addition of another transmitter notch 
cavity. Unfortunately, this is an expen¬ 
sive, bulky, and lossy (about 1 dB) 
solution. Earlier tube exciters, with 
their hi-Q interstage coupling net¬ 
works, minimized this problem.' The 
low-Q interstage networks in solid- 
state transmitters increases the band¬ 
width and thus the noise output on the 
receiver frequency. 

what can be done? 

Commercial repeater manufacturers 


have been aware that the single stage 
most often responsible for transmitter 
noise is the phase modulator. For this 
reason, most commercial repeater sys¬ 
tems now use direct FM techniques — 
i.e., varactors — rather than phase 
modulators. Another approach 
involves the use of a two- or four-pole 
monolithic filter after the last multiplier 
stage, or frequency synthesizer, pre¬ 
ceding the power stages. 2 (These 
filters, normally used to increase the 
IMD performance of the VHF 
receivers, are capable of handling only 
about 5 mW of power.) 

One advantage of using a crystal fil¬ 
ter lies in reducing transmitter noise at 
all frequencies on either side of the 
transmitter carrier; in the same appli¬ 
cation, a notch filter would only pro¬ 
tect the receiver channel. Crystal filters 
are expensive ($100-$200), and con¬ 
sidering their power restraints, 50-ohm 
termination impedances and insertion 
losses might prohibit their use in most 
existing transmitter designs. 

Repeater operators seeking a new 
solid-state exciter should look for one 
using low-noise direct FM. Avoid 
phase modulation. If a homebrew 
transmitter design is being contem¬ 
plated, consider including both direct 
FM and a four-pole monolithic filter to 
further reduce the transmitter's noise 
products. The improvements are dra¬ 
matic and well worth the effort. 

references 

1. FM and Repeaters for the Radio Amateur, First Edi¬ 
tion, American Radio Relay l eague, 1972, Chapter 9, 
pages 148 150. 

2. "DigiCap VHF Transmitters/' Bulletin No. 
100-0006 008, June, 1981, Quintron Corporation, 
Quincy, Illinois 62301. 

Peter Bertini, K1ZJH 


Invitation to Authors 

ham radio welcomes manuscripts 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of the ham radio Author's Guide. 
Address your request to ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciated). 


ALPHA 
DO.TA 
Tech Notes 

ALPHA DELTA ANTENNA 
and 

AC LINE PROTECTORS - 
the inside story 

• Who Needs Them 

• Do They Really Work 

• Why Are There Several 
Different Models 

Who Needs Them 

Lightning is the most common cause of 
component damage. However, we occa¬ 
sionally run into those who say ‘I’ve never 
been hit by lightning" or “I live on the West 
Coast and we don’t have much lightning.” 
Don’t be fooled There are demons lurking 
everywhere from your AC line to antenna 
that can damage your gear. Before expos¬ 
ing those, let’s look at data about 
thunderstorms. 

On average, the number of annual days 
with thunderstorms per area are approxi¬ 
mately. West Coast, 5; Southwest, 20 to 40; 
Texas, 40 to 70; Midwest, 40 to 50; East 
Coast, 30 to 50; South, 50 to 70; and Flor¬ 
ida, up to 100! Really, no matter where you 
live, you should be aware and protected 
from the potential for lightning-induced 
damage. 

Now, what about what you can’t see that 
does damage equipment? Dry desert winds 
in the Southwest and West Coast, wind 
driven snow and summer cloud buildup are 
all generators of enormous amounts of 
static electricity. Static-induced voltages 
from any one of these conditions can build 
up levels of 3 kV or more! If you’ve ever had 
the occasion to watch the static discharge 
jumping from the end of a long wire hang¬ 
ing near a chassis, you’ll know what we 
mean. 

What’s worse, this type of damage is not 
always catastrophic. Semiconductors can 
suffer junction damage and will degrade 
over a period of weeks or months, causing 
subtle system problems and a gradual loss 
of sensitivity 

In the case of AC line protection, semi¬ 
conductors are known to be damaged by 
transients caused by AC motors starting 
and switches, surges from power company 
"brown-outs” and poor regulation and even 
the effects of fluoresent lighting. If you have 
had the chance to see a graphic printout 
from an AC wall socket analyzer, you 
wouldn’t plug anything in again that was 
unprotected. 

So who needs Alpha Delta? Everyone. 
Regardless of season or geographic 
location. 
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a new class of directive antennas 


Improve Yagi performance 
with curved 1.5X elements 

In the May, 1983 issue of Transactions on Anten¬ 
nas and Propagation ,' Chang and Cheng introduced 
a new class of antennas that appear to offer much 
promise for VHF use. Based on concepts developed 
earlier by F. M. Landstorfer, 2 these antennas feature 
curved elements, each longer than a wavelength and 
shaped to compensate for the reversals in phase that 
occur each half wavelength along an element. 

With the 1.5 wavelength elements in the classic 
reflector-driven-director configuration used in the 
original experiments Landstorfer claimed gains of 11.5 
dBi. The same gain in a conventional Yagi using 
straight half-wave elements would require about nine 
elements and a much longer boom. While the new 
design requires greater width, the combination of gain, 
short boom length, and mounting simplicity form the 
attractive features of the design. 

principle of operation 

The general concept and plan of these antennas is 
shown in fig. 1. The center part of the elements 
resembles a V radiator. The phase center of the V 
radiation lies along the center axis, and some distance 
from the apex of the V. A wave radiated from this sec¬ 
tion will arrive at the other element parts after a time 
delay that corresponds to a phase rotation. As a result, 
even though the outer sections are out of phase with 
respect to the center section, the delayed wave will 
be at least partly in phase with the waves radiated by 
the outer sections. This addition of wave components 
accounts for the increase in gain over a conventional 
straight-element Yagi. 


The design problem presented by these antennas 
is to determine the shaping of the elements for max¬ 
imum gain. This subject was addressed by Chang and 
Cheng in their article.’ They approximate the current 
distributions on the array elements by the method of 
moments, dividing each element into 22 sections and 
analytically determining the shaping for maximum 
gain. The computations are extensive, involving a 63 
by 63 complex matrix manipulation (a solution requires 


LEGEND 

WAVE FRONT FROM SECTIONS 
APPROXIMATE CENTER OF RADIATION 

(+) EQUIVALENT GENERATOR PHASE SHOWN 

+ - INSTANTANEOUS VOLTAGE 


T T 

m rb 

fig. 1. General principle of operation using a shaped ele¬ 
ment. The center of radiation of the outer half-wave sec¬ 
tions is in front of the radiation center for the center sec¬ 
tion. giving both a spacing and a phase difference, as 
in the ZL-Special. The outer sections may be separately 
excited, as shown, or joined to the center part. This 
illustration assumes that the middle half-wave section 
is center-fed. 


By R. P. Haviland, W4MB, 1035 Green Acres 
Circle, No., Daytona Beach, Florida 32019 
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READY. 

10 REM HIGH GAIN YAGI "H6AINYA6I", IN COMMODORE SIMONS BASIC 
20 REM R P HAVILAND,6 JUNE 19S4 
30 REM REFER TO TRANS IEEE AP-31,MAY 19S3 
40 PRINT "£CLRJ" 

50 DIM A (3 >, B (3 >, C (3),D(3),Z(3) 

60 DIM Y(20,4) 

70 A (1 >=. 38: A (2) =. 395: A (3) =. 364 

80 B (1) =20.77:B(2)=53.014:B(3)=204.532 

90 C(l)=-.162:C(2)=0:C(3)=. 151 

100 D (1)=. 645: D (2) =. 59: D (3) =. 55 

110 INPUT "PRINTOUT,Y OR N ";T* 

120 PRINT"PRESS SPACE TO END SCREEN DISPLAY" 

130 PRINT "ENTER FREQUENCY, MHZ 
140 INPUT F: LAMDA= 984/F 

150 PRINT F: F'R I NT " ELEMENT LENGTH= " ; 1.5*LAMDA; " FEET" 

160 PRINT "ELEMENT DIAMETER ";12*LAMDA/100;" INCHES" 

170 FOR N=1 TO 20s FOR M= 3 TO 1 STEP -1 
180 X=(N-l>/20 

190 IF X>D(M) THEN Y(N,M)=0:GOTO 220 
200 Y(N,M)=A<M>#<1-1/<1+B<M)#X#X>>+C(M> 

210 Y(N,4)=X 
220 NEXTM:NEXTN 

230 PRINT"Y VS X COORDINATES, INCHES” 

240 PRINT"X";TAB(10);"DIR";TAB(20);"ANT";TAB(30);"REF" 

250 FOR N=1 TO 20 

260 X=INT (1200*LAMDA*Y(N,4)>/100 
270 FOR M=1 TO 3 

280 Z(M)=INT <1200*LAMDA#Y(N,M))/I00 
290 NEXT M 

300 PRINT X;TAB(10);Z(1);TAB(20);Z(2);TAB(30)Z(3), 

310 NEXT N 

320 WAIT 197,32 

330 IF T$="Y" THEN HRDCPY 

340 HIRES 0,1 

350 FOR M=1 TO 3:FOR N=2 TO 16 
360 T=N-1 

370 IF Y(N,M)=0 GOTO 400 

380 LINE 160-200#Y(T,4),2GO*Y(T,M)+40,160-200#Y(N,4),200*Y(N,M)+40,1 

390 LINE 160+200*Y(T,4),200*Y(T,M)+40,160+200#Y(N,4),200*Y(N,M)+40,1 

400 NEXT N:NEXT M 

410 IF T*="Y" THEN COPY 

420 WAIT 197,32:NRM 

READY. 

fig. 2. Computer program provides dimensions of a three-element version of the shaped element array. While the program 
is written in Simons' BASIC for the Commodore 64. translation for other computers should not be difficult. 


approximately 40 minutes of DEC-10 computer time). 
The problem is far beyond the capability of home 
computers. 

program listing aids 3-element design 

Fortunately, Chang and Cheng have summarized 
their results in such a form that makes it possible to 


duplicate their optimized design for a three-element 
Yagi array. For convenience, the results have been ar¬ 
ranged as a computer program, fig. 2, written in 
Simon's BASIC for the Commodore 64. The program 
is written for easy translation to other versions of 
BASIC; only the graphic generation section may re¬ 
quire a complete rewrite. 
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ELEMENT 

LENGTH= 1 

.109589 

FEET 

ELEMENT 

DIAMETER . 

80876712 

3 INCHES 

Y VS X 

COORDINATES. 

INCHES 


X 

DIR 

ANT 

REF 

o 

-13.11 

0 

12.21 

4.04 

-11.59 

3.73 

22. 17 

8.08 

-7.82 

11.06 

31.98 

12. 13 

_*T 

17.37 

36.39 

16. 17 

. 84 

21.7 

38. 44 

20.21 

4.25 

24.53 

39.51 

24.26 

6.92 

26. 41 

40. 13 

28.3 

8.96 

27.68 

40.52 

32.35 

10. 52 

28.57 

40. 77 

36.39 

11.72 

29.22 

40.95 

40. 43 

12. 66 

29.7 

4 1.08 

44.48 

13.41 

30.07 

41.18 

48.52 

14 

0 

o 

0 

0 

0 

0 

o 

0 

0 

o 

0 

0 

0 

0 

o 

0 

0 

o 

o 

0 

0 

o 

0 

0 

o 

0 

o 

o 

0 

o 

fig 3A. Tabular output of the computer program for a 

frequency of 147 MHz. X and Y are normal Cartesian co- 

ordinates. The 0's indicate that the end of the element 

has been passed. These values may be scaled for other 

frequencies. 




The program first determines whether hard copy is 
needed, then requests its only input, the design fre¬ 
quency. Element length and diameter are then out¬ 
putted, followed by a table of X, Y values that define 
the center-line position of each element. The feed- 
point, or center of the radiator is taken as the coordi¬ 
nate origin. Figure 3A shows the screen presentation 
(the ending 0's indicate that the end of the element 
has been passed). Pressing the space bar produces 
a plot of the lines defining the element centers, as 
shown in fig 3B. Pressing the space bar again either 
initiates a hard copy or terminates the program. 

The general resemblance of this type of antenna to 
a conventional Yagi is apparent in the figures. The ele¬ 
ment shaping causes a taper towards the forward 
direction, even though the elements are the same 
length. And the deep V of the director gives an effec¬ 
tive wide spacing for the director. 

high gain is achieved 

The performance of this optimized design is very 
good. According to Chang and Cheng, 1 gain calcu¬ 
lates to be 11.8 dBi. Beamwidth is 32 degrees in the 
element plane, and 62 degrees at right angles to it. 
Front-to-back ratio is just less than 15 dB in both 
planes. Feed impedance of the 3/2 wavelength 
radiator is calculated to be 14 + j33 ohms. 



fig. 3B. High resolution computer plot of the data of fig. 
3A, showing the center line of the elements. Although 
each element is 1.5 wavelength long, the shaping makes 
the reflector appear longer and the director shorter than 
the radiator. 


It should be noted that the design values are opti¬ 
mum only for the element diameter given. This was 
arbitrarily set at 0.01 wavelength by Chang and Cheng. 
Performance should not be greatly affected by a rea¬ 
sonable change in element diameter. 

Because of the complexity of the required calcula¬ 
tions, and the many hours of mainframe computer 
time necessary to perform them, it is unlikely that there 
will be much further analysis of the type. Further work 
will have to be experimental. None has been attemp¬ 
ted by the author, but it would seem that additional 
gain could be secured by placing additional directors 
of similar shapes in front of the present single direc¬ 
tor, using appropriate spacings. It would also seem 
that any of the common matching methods would be 
usable. Stacking spacing rules of high-gain Yagi type 
would appear necessary. 

conclusion 

Those who do not have a computer available, or 
who wish to avoid the tedium of typing in the program, 
can use these results by simple frequency scaling. All 
table dimensions should be multiplied by the ratio, 
147/new frequency, since the table was calculated for 
147 MHz. Element diameter and length vary in the 
same way. 
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REVIEW 


RTTY/CW computer 
interface 

Quite a while ago, I quit operating RTTY and 
retired my old Model 15 because my ham shack 
wasn't all that soundproof. A few years ago, arti¬ 
cles and ads appeared about RTTY computer 
interfaces. And that meant quiet . . . and no 
paper! But it wasn't until just a few weeks ago 
that I finally got an MFJ Model 1224 RTTY/CW 
Computer Interface Unit. I had a VIC-20, bought 
for another purpose, and so in less than an hour, 
I was on RTTY again! 

Much of that time was taken finding a power 
supply to run it. There's a lot of information in 
the Owner's Manual, but not how much current 
was needed. A look at the diagram showed only 
a few chips and transistors. So I took a chance 
and hooked up a couple of 6-volt lantern bat¬ 
teries and measured it. It turned out to be a lit¬ 
tle over 200 mA. 

specifications 

Size: 8.5' W x 6.5" D x 1.5" H. 

Power required: 12 volts DC at 250 mA. 
Computer: C-64 or VIC-20. 

RS-232 interface: available (MFJ-1223). 
Software: MFJ-1252 or MFJ-1264 (works with 
other software). 

Accessories supplied: cable with 5-pin plug; 4-pin 
microphone plug; RCA interface cable. 

installation 

The unit comes with a cable to connect to the 
VIC-20 or the CT54. Two clip leads and a Radio 
Shack cable with RCA phono plugs were used 
to connect up the audio from the rig. It took a 
few moments to load the cassette program into 
the VIC-20 and a few more to get the hang of 
tuning in the RTTY signal. But right there on the 
screen was the first RTTY QSO I had "listened" 
to in years. 

operation: 

Because the MFJ-1224 doesn't have all the bell 
and whistles of some of the more expensive 
units, it takes a little while to get the hang of 
tuning. Instead of using a 'scope with the familiar 
"plus" pattern, two LED tuning indicators are 
used. One is marked "PHASE LOCK" and the 
other "DATA." 

The receiver should be on LSB for receiving 
RTTY. Most RTTY signals are 60 WPM and 170 
Hz shift. Tune from the low tone to a high tone. 
Watch the phase lock LED. It will flicker and then 
lock on. 


If the station is sending at 60 WPM, the QSO 
should appear on the screen. If your receiver has 
an IF shift control, adjust it so the signal is cen¬ 
tered in the passband. 

switching from RTTY to CW 

The RTTY and CW programs are on the same 
tape. So to switch to CW, you only have to load 
in the other program, and start tuning. On CW 
both tuning LEDs flicker with the signal. The 
MFJ-1224 uses the 2125-H2 RTTY filter in the 
CW mode. Because 2125 Hz is down the slope 
of the pass band of most modern-day receivers, 
IF shift control is almost a necessity for receiv¬ 
ing weak CW signals. 

transmit 

The instructions for using the MFJ-1224 on CW 
or RTTY transmit are quite complete. Audio 
Shift is used on RTTY; either Grid Block or Direct 
Keying can be used- for CW. 

software 

MFJ has software available for both the VIC-20 
and the C 64. But they also provide a listing 
showing the DIP switch positions for most of the 
other popular RTTY software packages as well. 
An RS-232 interface (MFJ-12231 is available. 

Purchasers of this unit need some experience 
in RTTY to use it to its full potential, but it is 
a relatively low-cost way of trying out this mode 
before leaping in with both feet. The unit is well 
built; I accidentally dropped mine on the base¬ 
ment floor! 

For information contact MFJ Enterprises, Box 
494, Mississippi State, Mississippi 39762. 

-VE32L 
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new 2 meter transceivers 
from Kenwood 

Trio Kenwood Communications has an¬ 
nounced the all-new TM-2570A — the first com¬ 
pact 70 watt, 2-meter FM mobile transceiver - 
and the TM-255QA and TM 2530A 2-meter FM 
transceivers. The 25-Series includes many new 
features never before seen in 2-meter FM equip¬ 
ment. All three models have a bult-in telephone 
number memory and automatic dialer. Up to 15 
seven-digit telephone numbers may be stored. 


All front panel controls, including the 16-key 
DTMF pad, are back-lighted for nighttime visi¬ 
bility. Twenty-three memory channels store fre¬ 
quency, offset subtone, and telephone number. 
The CTCSS encoder is programmable from the 
front panel when the optional TU 7 subtone unit 
is installed. All standard EIA tones are includ¬ 
ed, plus the Motorola 97.4 Hz tone, for a total 
of 38 separate CTCSS tones. 

Frequencies are entered into either the VFO 
or memory with direct keyboard entry. The 
25-Series includes frequency coverage for 
MARS and CAP operation and is modifiable to 
cover 141-151 MHz. Programmable scanning 
with priority alert and center stop tuning are stan¬ 
dard features. 



Digital Channel Link (DCL), a revolutionary 
new signalling concept compatible with Ken¬ 
wood’s Digital Code Squelch (DCS! system, is 
available as an option. DCL enables the 25-Series 
radio to automatically switch to an open chan¬ 
nel. Practically speaking, this feature will allow 
you to automatically QSY to an open simplex 
channel after making initial contact via repeater. 

Supplied accessories include a hand-held 
microphone with up/down frequency controls, 
DC cable with fuse, mounting bracket, and 
microphone hanger. Optional accessories include 
the PS-50 heavy power duty supply for the 
TM-2570A, PS-430 DC supply for the TM-2550A 
and TM-2530A, TU-7-38-tone CTCSS encoder, 
VS 1 voice synthesizer, MU-1 DCL modem unit, 
SP-50 deluce mobile speaker, SP-40 compact 
mobile speaker, CD 10 call sign display, SWT-1 
compact antenna tuner, and a wide variety of 
other station accessories. 

For further information, contact Trio- 
Kenwood Communications, 1111 West Walnut 
Street, Compton. California 90220. 


in-line GaAsFET preamp 

Hamtronics, Inc. has announced a new low- 
cost preamplifier designed to be operated in the 
antenna line of VHF or UHF transceivers. The 
new model LNS (low noise switching) preamp 
is patterned after the popular LNG series, which 
was the first of the affordable GaAsFET preamps 
on the market. The heart of the unit is a stable, 
dual gate GaAsFET amplifier combined with two 
special low loss UHF relays, which use gold- 
plated contacts for long life. A microstrip PC 
board combines with these special relays for low 
VSWR on the transmit throughput. 

The preamp is switched out of the signal path 
automatically whenever a transmit signal is 
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presen!. It may also be remotely bypassed manu¬ 
ally as desired. The LNS is designed for base or 
mobile operation, and mounting brackets are 
provided to allow tower mounting. The LNS can 
be used with any transceiver up to 25 Watts; and 
il a separate PA is used, the LNS can be used 
between the transceiver and the PA. The preamp 
works with any mode: FM, SSB, CW, ATV, etc. 
A delay in the RF sensing circuit prevents relay 
chatter on SSB or CW. 

Typical gain of the preamp is 18 dB and typical 
noise figure is 0.8 dB. Transmit signal attenua¬ 
tion is only 1/2 dB. An LED indicates when the 
preamp is active. The unit is housed in an attrac¬ 
tive aluminum case only 3-7/8'W x 2-7/8'D x 1- 
1/2"H. 

The LNS Transceiver Preamp is available in 
the following models: 


model 

tuning range 

LNS 144 

120 150 MHz 

LNS-160 

150-180 MHz 

LNS-220 

200 240 MHz 

LNS-432 

400-500 MHz 


3 dB bandwidth 
± 5 MHz 
± 10 MHz 
± 12 MHz 
.1:15 MHz 

The price of the LNS Transceiver Preamp is 
only $68 in kit form and $98 wired and tested. 

A complete 40-page catalog describing this 
and other Hamtronies products is available from 
Hamtronics, Inc., 65-F Moul Road, Hilton, New 
York 14468-9535. (Add $1.00 for first-class mail 
ing; for overseas mailing, please send $2.) 


new packet video 
helps get you started 

Would you like to learn more about packet 
radio? Are you having a hard time getting started 
up in packet? Well, help is on the way, thanks 
to Kantronics' firSt instructional video, Basic 
Packet. 

In the course of answering service calls and 
talking to Amateurs around the country, Kan¬ 
tronics - manufacturers of the new KPC Packet 
Communicator, an AX.25 Version 2.0 TNC - 
found that many operators were having difficulty 
getting started on packet. The difficulties were 
not with the equipment, but rather with under¬ 
standing the basic operating procedures of 
packet radio itself. 

Conducted by Phil Anderson. W0XI, the video 
covers basic subjects such as initial installation 
and hook-up, VHF and HF operation, digipeat 
ing, parameter perming, and some command 
demonstrations. The tape begins in the class 
room, then takes you into the shack for on-the 
air demonstrations. 

The tape is available to individuals and clubs 
in both VHS and BETA formats. Suggested retail 
is $22.50 plus $2.50 shipping and handling. Clubs 
only can receive a $10 refund if the tape is 
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HE6V 

8 0 -10 vertical 

125 00 

HF2V 
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114 00 
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2MT vet Ileal 
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41 95 

TOR 160S 
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mlg post sleeve 

AND MORE 1 
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27595 
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21000 
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98 00 

32-19 
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15 el wide band ?mt 
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10 el. OSCAR 1459 



MHz 
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2! 95 
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11 95 
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sutler resonator 

16 95 
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$1(1 ft super 
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30ml shl resonator 

1695 
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quick disconnect 
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13.95 
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28 95 

HOT 

book ml w/.wvel 



trail 

AND MORE* 

16 95 


RTTY-AMT0R 

Packet 


RTTY—AMT0H—PACKET 

EEB is one of Hie lew Amateur dealers that ado 
.illy demonsttates Itio latest high tecli equip 
men] We lest every new item and orty sett what 
we leel confident with if you are ctmsidflrmg 
Packet, call ns anil we ll sell ynu lint lifist (Ask 
hr Scott. WR4S or Ted. AA4GM al 703 938 
3350) II you are in the DC area, stop in and 
marvel al our dedicated RTTY mum 


PAKRATT PK-64—World's Best 

Pfictt/Pailuimante Ratio 

The Pakralt 64 is the world’s first live mode m 

one Amateur Radio smart data controllers? 19 95 

IIEWI PK-80 Packet Controller 

IJlili/es TAPRII hoard factory wired lor ail RS 232 

compatible computers 

Now at $219 95 

CP-1 AEA Computer Patch’ 1 ’ Interlace 

Convert your personal computer ami transceiver 
i-i(n a lull featured RITY station w7 Hie CP 1 
Computer Patch interlace and software by Af A 
« Now avail aide (or the Commodore 64 

* Complete with cables for the AEA CP I 

• Keyboard overlays and manual $ Cali 

♦ RS 232 option available 
KANTRONICS UTU 

Now Available at ft : fl 

* Can be used on CW. ASCII. AMT0R and 
RTTY 

• Easy lor Penniners 

BIRO 

lEB’s (Jot your BIRD 
Dud 43-ctertiuriUi-loarl;. 

In slock S CALI 
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337.95 

KT34XA 

(riband 5 el 

485 95 
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87.95 
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113 95 
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179 00 
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359 00 
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28 95 


AND MORE' 
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41 90 
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45 90 

NMOI50MM 


46 90 
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16 95 


AND MORE' 
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AND MORE' 
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48 on 

25G 

10 ' seel 

51 50 
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2 3 lop sect 
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10- sect 

115 50 
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126 00 
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access shell 
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thrust bear 

53 95 
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10 ” mast 

22 25 

SB25G 
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shod base 

49 50 

EF2545G 

gin pole 

187 50 

HY-GAIN ROTORS 


T2X 

20 mi II 

315 95 

HAM IV 

15 II 

26? 95 

C045II 

8.5 sq II 

164 95 

KENPR0 ROTOR 


KM-500 

elevation 12 sg It 

161 95 

ALLIANCE ROTOR 


into 

3 sc 11 

46 00 

DAIWA 750E ROTOR 


Compare These Specs ft Pricing- 


MR750E l Motor 2 Motor 

4 Motor 

Wind 



Load 



Sg Ft (6 

21 5 

30 

Turn 



Pwt 



Lbs 610 

1200 

2400 

Break 



Pwr 



Lbs 5200 9600 

1830(1 

Puce S219 00 $295 00 

$450 00 

Aildibun.il Motors $77 00 Preset Add $30 00 

Free U S Gjeat Cuctc transfer Map w/Rotui 

AMNCO Quad Pod the perfect match for 

todays antenna insinuations, t.e OSCAR sys 

IHIIIS llfjltt H 

beams, VHMJHf 

beams 

4 legs-strong- 

-rotor jilalG—accepts optional 

thrust hearing, iigtdwaqld, durabte aluminum 

construction-easy installation 


E1S 12(1 

46'* 

$ 6? 00 

fIS 150 

55" 

$ 79 00 

EfS 180 

67" 

S 95 00 

El S 210 

79” 

SHI7 00 

AA2-7A 

1 burst Bear 

S 36 00 

AA2-? Rotor ft Control 

$121 00 

See Alinco Ads for Oeiads 
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HBOTP 


244.95 

MV3AII 

7.21.28 vert 

4895 

MV3AIIR 

7/21/28 vert 

80 45 

MV3I3HR 

14/21/28 vert 

80 45 

ML A-4 

loop 3 5/7/21/28 

139 95 

SO 11) 

28 MHz Swiss Quad 

11895 

SOY OR 

2nd Swiss Quad 

5595 

SQY-08 

2nd Swiss Quad 

56 95 

MISC. 
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16 95 

Larsen Dual Banders 
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17 95 
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34 50 
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1495 

Litililmnn Arrestor UHF-M-f 

3 80 
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165 00 

Hustler SJGM 


19 95 

Unteima Dual Hand 

51 00 
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ALINCO ALH-206T SPECIAL S CALL 

• 5 A 25 watts—10 Cli memory 

• Scan control on Mil* 

• Urn I! in Sub Audio Tone 

• flte AIR-2061 is tin* safest mobile rig cm 
the market No need to bike your eye*; oil 
the road-COMPLETELY PROGRAMMABLE 
FHOM MIC 

ALINCO ALM-203T SALE S Call 

Dun'I buy any HT until you *duily this fantastic 
uml I’rmjiammability identical to ALR206T 
Yon only need to learn one radio when you Have 
holh In)) featured, scan, memory, b waits. 2 sub 
audio tones Receives 140160 MM? 

ICOM R71A HP — High Performance 
EEB nas modified the world class R7IA arul 
enhanced its performance beyond the marmtac 
hirer's ilujiim. 

■ 24 hoiii honch test and 6 month warranty 

• SSB filler upgrade to improve AM Narrow- 
SSOscfeclrvily and dynamii: tango 

• front cod upgrade improves dynamic 
range plus preamp enables operation 
below 1600 kHz 

• 4 kHz filler replaces G kHz wide filtcr- 
impioves AM selectivity 

• Audio output upgrade gives more audio al 
less drstorfitin mure easy listening 

• ARC time constant tor optimum AGC 
control 

• Siudkcy diodes lor dear sound inn eased 

performance 

• Spite protection installed at the pwr sup 
ply fur max spike and surge protection 

• f inal check ool alignment 

« We also install ICOM options at no charge 
R7IA HI* ME Mechanical Filler add 
$2(10 00 to R/1A 

R7IA HP 8XE 8 pnli! Xml Filler add 
S250 00 to R/1A 

R7IA HP I2XF 12 P0IC Xtal IlllCt add 
5300.00 Iff R71A 

R7IA 24 hum lesi no muds $ Cal 
IC/OIX) VHf/UHf $ Call 
HER will tiller a R7000 HP—Detail Release date 
July 86 

MEC 71.. 

Now you can control ft enhance the pcrlonnance 
ol ICOM R71A. 751A. 271A. 47IA l?7tAw/lhc 
amaztiuj MEC ?]<« cnmouler inter lace lor die 
C 64 

• Display 1 punt & receiver memmiRS 

• Shire or log 705 memnrtes w/enmputer 

• Uniimiitd memory w/Disc storage 

• Keyboard entry or freq mode, memory 
scan 

Gel all me details - Call or write today 
MEC 71 m (nttoductory Price nl $199.95 
Established Deatei IfiRuirios Irwiwd 



ELECTRONIC 
EQUIPMENT 
BANK 

516 Mill Street NE 
Vienna. VA 22180 USA 

Prices ft specs subject to change 
Slipping charges not included 
Returns .subject lu 20% restock charge 
frees catalog in USA all others 3 IRC's 
ORDER TOLL FREE 800 368-3270 
lech into—VA orders 703 938 3350 


^ 179 


April 1986 BB 113 





products 


returned within 45 days. Payments can be made 
by check or credit card (no CODI. 

For information, contact Kantronics. 1202 East 
23rd Street. Lawrence, Kansas 66046. 

Circle 1301 on Reader Service Card. 


CES RepeaterMaker™ 

Communications Electronics Specialists, Inc. 
(CES!, has announced the availability of the new 
CES RepeaterMaker, which allows two mobile 
radios to be used in a repeater configuration. 
Features include adjustable hangtime, adjusta¬ 
ble time-out timer (TOT), "Roger" or courtesy 
beep, remote repeat inhibit input and front panel 
switch, auxiliary PTT relay, inputs for half and 
full duplex autopatch, connections for CTCSS 
decoder, LEDs for power. COR,and PTT, all in 
a compact, attractive case. The CES Repeater 
Maker is ideal for use in establishing a primary 
repeater installation or a back-up repeater utiliz¬ 
ing conventional two-way mobile radios. 

For more information, contact CES, Inc., 803C 
S. Orlando Avenue, Winter Park, Florida 32789. 

Circle /304 on Reader Service Card. 


Yaesu in-line SWR meters 

Yaesu Electronics Corporation has released 
two new in-line SWR and Power Meters. The 
YS-60 measures both average and peak power 
output, reflected power, and VSWR in the range 
from 1.6 to 60 MHz. The YS-500 performs the 
same measurements covering 140 to 525 MHz 
range. Three functions provide monitoring of 
either forward or reflected average transmitter 
output power for CW, AM, FM. and FSKmodes, 
and VSWR for testing the performance of anten 
nas. The efficient linear circuit design assures 
accurate measurements with minimum insertion 
loss over the entire specified frequency range, 
even at low power levels. 

Fot further information, contact Yaesu Elec- 
troncis Corporation. 17210 Edwards Road, Cer¬ 
ritos, California 90701. 

Circle 1303 on Reader Service Card. 


87 STAR for Mac, IBM 

Circuit Busters' popular RF and microwave 
analysis and optimization program, STAR, is 
now available for the Apple Macintosh and the 
IBM PC/XT/AT/Jr with floating point coproces¬ 
sor. The Macintosh version works with either the 
128 or 512K machine and the Imagewriter 


h Crystal 
XT Filters 


For most Ham Rigs from: 
KENWOOD • YAESU • HEATHKIT 

Also DRAKE R-ZC 17 Line. COLLINS 75S3-BIC. 
ana ICOM (FL44A Twin Only) 

Finest 8-pole Construction 
ALL POPULAR TYPES IN STOCK 

CW - SSB - AM 

Phone for Information or to Order. 
VISAIMC or COD accepted. 

FOX-TANGO. Conp. 

Box 15944, W. Palm Bch, FL 33416 
Telephone: (305) 683-9587 


TechMart 

TEST EQUIPMENT SPECIALISTS 

Bird Wattmeters 
Fluke Multimeters 
Hitachi Oscilloscopes 
And other quality test instruments. 

called TechMart' 3E 


TOLL FREE 
GEORGIA 


800-554-8305 

404-325-0759 


CO DX. CO ox 
20 Meters 



COM-SHACK 64 

SIMPLEX AUTO-PATCH 
S REMOTE H.F. BASE 


I CO DX. CQ DX 
I 20 Meters 


This is 
NI6R 
Remote 
Base 

Autopatch 

On 


MODEL CS-64 


*229 s 


Includes 
Software 
| Pray rum Disk). 
Hardware Interlace 
S Instruction 
Manual 



H.F. Remote Now Availa¬ 
ble for Yaesu-757 
(Modal C$ 64) and for 
ICOM 735 (Model CS-Edl) 


Sit rid CtmcL or M O to 

ENGINEERING CONSULTING 
383 CANDLEWDDD8T., QREA.CA 92821 
(714) 871-2009 


5~ff7 TT7 MODEL TTK 

IHuiTfl *22 35 

• SSI201 DTMF Receiver • Receive 
all 16 OTMF digits • Mu additional 
filtering • Output BCD or hex for¬ 
mat • Low power (29 ma # 12V} • 
Kit includes 3 SB MM.* crystal, 22 pm 
1C socket, resistor, copocitors. dote 
uliuul anil :> cl art tin Li Lb 


4-DIGIT SEQUENCE DECODER 



g n| , WIRED S TESTED 

111 I *59- 

• Completely wired S United • 
User progromufile • LEO status 
indicator • Open collector out¬ 
put • Control relays, mute audio • 
Control link nn/olt • Cur, mm 1C in* 
surer* high relMthility & small size* • 
fits inside must rigs rum* on 13 VDC 
|35 ma) • All 16 digits alow morn 
than 50.000 combinations • Makes 
excellent private cad on (nitty repeat¬ 
ers! • Use it to turn on audio or 
sound an alarm • Momentary and 
latching outputs 

Mnotorcord nod Vem >ic<:«ptud 
Pficus include tiurjUipe & humping LfS A 
ban i me in a rime stirs 


MC/VISA No 

ENGINEERING 

503 CAPJDLEWOOD ST., OREA, 


DECODE-A-PAD” 


TOUCHTONE' OTMF MOtlCl UAf* t 
to HS-232-C SQQ35 
300 BAUO INTERFACE 0W 

• Use your corrnuter to decode DTMF 
touch to mss • Receive all IB digits ns 
fast as they can be transmit- 
ted • Easily program your computer 
in BASIC to decode multidigit "strings' 
display digits, sound alarms, rihfuir-vn 
secret codes, cuntn.il relays • Sim¬ 
ple to use. just provide +12 VDC and 
audio, honk two wires to the RS-J?3«?-C 
serial input on your computer, enter a 
simple BASIC program and begin to 
decode • Sample BASIC program 
and instructions included • Data 
indicator • Wired and uir.teti 


• Simplex nutopritch and l-I.F remote 
base with clear voice messages • 
Control your Yaesu FT 757 transceiver 
with your VHF/I.IHF portable nr mnhiln 

• Switch between the H.F remote 
and the uutopatch with DTMF tones 

• Voice ID S all control functions 6 
H f frequency era vote a announced 
with your programahle access codes 

• AuUiputch works o»» any telephone 
lino — tone or dial pulse • Call wait¬ 
ing computability — altar beep answer 
second incoming call while on thn 
patch) • Automatic redial lust num¬ 
ber (in dial pulse mode) • Ring detect 
F, automatic voice alert »l incoming 
telephone cull * Inactivity timer tune; 
off system (user progromablo) • 
Store B H F memory frequencies + 
shift VFO'e & change bands • Fast 
scan S Slow scan 4 dial up any fro- 
guoncy with DTMF tones all from your 
handheld VHF/UHF portable or mobile 

• Use the uu to patch or the remote 
base both far tho price of one! • User 
defined timing window, access codes, 
coll sign • Simple to msuill h.irc ware 
interface cabins, eimneeUiin sup- 
plied • Hook ma; input PTT, spkr 
outputs S FM squelch connection 3 
pm H.F data coble and you ore m con¬ 
trol • You supply — 1 Commodore 
64 or lafl & 1 disk drive I base sta¬ 
tion • Mo additional power supply 
required • With human vhirh syn- 
i.h pstzed by Co vox' 

Snnd Chunk at M fl to 

ENGINEERING CONSULTING 

303 CANQLEWDDDST.. BREA, CA 02821 
(714)871-2009 


ICOM IC-D2AT USER S 
'AUDIO BLASTER " MODULE 


1000*1 of Now Availabli far 

Satiifiid CuiComari % IC-2AT& 

MiJfJlL AU- *. __ i# uj< H ^ lC-04AT 


*19 as 

r 7 S’— si 


AB-1 „ 

t Wit* UmOh, 

Mor» Audio Pufllhi 


• ModiHe installs inside the cutlio in 
10 inimites • Boom audio to nearly 
tint; welt 1 • Low power drum |*5ma 
ntundhy) • Complete step by stop 
msaur, turns included • Corrects; the 
LOW audio problem! • Drivinmnnuil 
speakers to full volume, even signals 
with low deviation! 


ft. TUNE THE WORLD FROM YOUR HANDHELD VHF/UHF RADIOl 


\ 2 FOUR DIGIT OTMF OECOOERS. PLUS 16 DIGIT KEYPAD CONTROL 

^ Km* Mm m on gi-omm«hiu access cedes are used to 
HAfJ 1 Htla operate relays or other on/off lane 

REMOTE~A-PAD‘ ■ units • LED dnr.oder status indica- 


■ Model HAP 1 S *1 /IQ 93 

‘REMOTE-A-PAD- I 

• Audio tones from any source, are 
converted to solid state switches which 
control any 16 digit keypad of a radio or 
other device • Some examples you 
con control include tho Pro-Search' 
Rotator (rotate boom remotely|. Re¬ 
mote controls COM 1C-701 Or ICOM 
1C-:? 11 whim using the RM-2 con¬ 
troller. Kenwood 7950. IC751. Azdun 
PCS 4000. handhelds such as Yaesu 
FT t?O0; FT- 700; ICOM IC-02AT; anti 
many morn. • Two (four-digit) pro- 


CONSULTING 

, CA 92621,(714) 671-2009 


tors and momentary plus steady statu 
decoder outputs are provided • All 
CMOS low power dram (30 mu). S.S ) 
201 Decoder • Hook eight wires (4 
rows and 4 columns) m parallel with 
the existing keypad of the radio you 
wain to control remotely Connect 
audio from any source. 12 volts DC 
anti you are m control • The dual 4 
digit, decoders wdl turn your lints on 
and otf utang your prog ram nut did ac¬ 
cuse emtrs 

Qty. Made! Na. Tatil 

CS-64 ! 

TTK I 

ISO ) 

ftAI‘-1 I 

AH 1 I 

RAP-1 I 

bp ! "V“i i 
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Don’t bay from Hamtronics ... 

Unless yo« want the best possible equipment 
at the lowest possible price! ! ! 

The "wheeler-dealer" is back and he's beating 
everyone else's "deals." 

We all know there's no such thing as a free lunch . . . 
so How Can We Do This? 

• We don’t run alot of ads featuring sale items 

• We don’t spend alot of money on full page ads 

• We don’t have sales on just the fastest selling 
products 

• We don’t short cut you on service. We are a factory 
warranty repair facility for everything we sell! 

• We don’t mail out free catalogs 

• We don’t have a free WATS number. 

You and eveiy other Ham customer is paying for all 
these do-dads and sales gimicks. 

Hamtronics puts the savings into your pocket. 
Hamtronics guarantees to meet or beat any advertised 
price on every item we sell. 

Hamtronics Has It All! 

Let Hamtronics be your Ham Radio equipment dealer. 
We're celebrating our 35th year in the Ham business 
at the same location. 

ICOM DAY JANUARY 25, 1986 

V -.s': IX :u\S u£iiit 




A DIVISION OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE RD.. TREVOSE, PA 19047 
(215) 357-1400 
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SPECIAL SALE — SAVE $5 EACH 

Have a name — but need the Call Sign? 
Traveling — and want to meet local Hams? 


I*J 8 f» Ar»tiil*.!ur U.jtJ«i 


NAME INDEX 

tty Name and Call poqes 

GEOGRAPHICAL INDEX 

By Si ale. City. Slrdfii No a tut Call B53 vmgas 


No frills directories of over 462,000 U.S. 
Radio Amateurs. 8 V 2 XI 1 , easy to read 
format. 

NAME INDEX—I21MW $19.95 
GEOGRAPHICAL INDEX—_$2fe6(r $19.95 

BUY BOTH SPECIAL $35.95 

Adi) >3 50 v>r|.pfi|f| fo .ill ord<‘»‘. 


ham.- 

radio 


m.tfuumtr 


BOOKSTORE Greenville, NH 03048 



products 


printer. 87STAR for the IBM PC/ST/AT requires 
the 8087 or 80287 coprocessor, hut runs six to 
seven times faster than the earlier version. 
87STAR includes the older version for users who 
don't have the coprocessor yet installed. 

STAR is still available for the Apple II + , lie 
and lie. the Commodore 64, and the Kaypro 
2/2X/4/10 CP M 2.2. 87STAR is priced at 
$195.00; all other versions are priced under 
$100.00 

For information, contact Circuit Busters, Inc., 
1750 Mountain Glen, Stone Mountain, Geor¬ 
gia 80087 

Circle 1305 on Reader Service Card. 


tone decoder 
controller module 

The new TD 2 DTMF decoder/controller from 
Hamtronics introduces many new and advanced 
features. The heart of the TD 2 is a now central 
office grade, 16 digit, crystal controlled DTMF 
decoder chip with built-in filters to prevent fals¬ 
ing on noise or voice signals. Reliable operation 
is maintained for any audio input level from 100 
mV to 2V p p Low power consumption is made 
possible by use of CMOS circuitry throughout. 
Power consumption is only 15mA, and the mod 
ule operates on 10 to 15VDC, with an on board 
regulator. 



The TD 2 provides five latching on off func 
tions and up to 12 momentary outputs. This 
means, for example, that you can control a 
repeater and autopatch. three other latching 
functions such as sub audible lone activation, 
and several momentary functions. Latching out 
puts can drive solid state circuits directly, sink 
ing up to 50mA, or they can drive small relays 
to switch power loads. The 12 momentary out¬ 
puts provide a standard 5V logic output. 









Codes are easily changed with jumpers; there 
are no program plugs to replace or eproms to 
burp. For each function, you have the choice of 
using a high security four digit password or a 
convenient single digit command. The TD-2 can 
he used with any tone source, including radio 
receivers and telephone lines (with autopatch 
hoard). When used with an autopatch, the TD-2 
has a built-in "0" and "1" toll call restrictor at 
no extra charge. A data strobe output, used with 
the autopatch module, prevents retransmission 
of confidential control tones. 

The TD-2 is suitable for remote control of 
repeaters, autopatches, and subaudible tone 
decoders; for selective calling, industrial control, 
telemetry, computet interface, and other applica¬ 
tions. LEDs indicate latch circuits automatically 
reset to default values on power up. The size of 
the double sided PC board is only 3x5 inches, 
so it fits in easily with other equipment. 

The TD 2 sells for $110 in kil form and $160 
wired and tested. Full documentation is provided 
with helpful application data. 

A complete 40-page catalog ol Hamtronics 
products is available for $1.00 from Hamtronics, 
Inc., 65 F Moul Road; Hilton, New York 14468 
9535. (For overseas mailing, please send $2,001 


new signalling concept 

A revolutionary new selective calling/selective 
linking system has been developed by Kenwood 
for Amateur Radio use. Called Digital Channel 
Link, or DCL for short, its many features include 
automatic connection, frequency recall, vacant 
channel location, and selective calling ol indi¬ 
vidual transceivers or groups of transceivers. 

Here's how it works: the DCL system searches 
lor an open channel, remembers it. returns to 
the the original frequency and transmits control 
information to the DCL-equipped station that 
switches both transceivers to the open channel. 
High speed digital information allows the whole 
process to take only an instant. 

In addition to this selective linking feature, 
DCL can also be used for selective calling, simi¬ 
lar to Kenwood's DCS system: a five-digit code 
group is sent which opens squelch on a DCS 
transceiver with the matching code. Addition 
ally, a six character burst ol ASCII is sent. Sta¬ 
tion call signs are normally programmed into this 
ASCII portion. The CD-10 Call Sign Display unit, 
which can be used with any receiver, may be 
used to display the transmitted DCS or DCL (AS¬ 
CII) call sign. The CD-10 can store up to twenty 
incoming call signs for monitoring and logging 
purposes. 

The digital Channel Link system should add 
more convenience to repeater operations. Us¬ 
ing DCL, it becomes a simple matter to QSY to 
an open simplex channel after making initial con¬ 
tact via repeater. 

For details, contact Trio Kenwood Commu¬ 
nications, 1111 West Walnut Street, Compton, 
California 90220. 


Performance VlH/Ulii pfCQmp/ 



Recelvo 

Freq. 

Range 

N.F. 

Gain 

1 dB 
Comp. 

Oevlce 


Only 

(MHz) 

(dB) 

(dB) 

(dBm) 

Typo 

Price 

P28VD 

28 30 

<1.1 

15 

0 

OGFFT 

$29.95 

P50VO 

50-54 

<1.3 

15 

0 

DGFET 

$29.95 

P50VDG 

50-54 

<0.5 

24 

+ 12 

GaAsFET 

$79.95 

P144VD 

144-148 

<1.5 

15 

0 

DGFET 

$29.95 

P144VDA 

144-148 

<1.0 

15 

0 

DGFET 

$37.95 

P144VDG 

144-148 

<0.5 

24 

+ 12 

GaAsFET 

$79.95 

P220VD 

220-225 

<1.8 

15 

0 

DGFET 

$29.95 

P220VDA 

220-225 

<1.2 

15 

0 

DGFET 

$37.95 

P220VDG 

220-225 

<0.5 

20 

+ 12 

GaAsFET 

$79.95 

P432VD 

420-450 

<1.8 

15 

-20 

Bipolar 

$32.95 

P432VDA 

420-450 

<1.1 

17 

-20 

Bipolar 

GaAsFET 

$49.95 

P432VDG 

420450 

<0.5 

16 

+ 12 

$79.95 

fnlfno (rf switched) 

SP28VD 28-30 

<1.2 

15 

0 

DGFET 

$59.95 

SP50V0 

50-54 

<1.4 

15 

0 

DGFET 

$59.95 

SP50VDG 

50-54 

<0.55 

24 

+ 12 

GaAsFET 

$109.95 

SP144VD 

144-148 

<1.6 

15 

0 

DGFET 

$59.95 

SP144VOA 

144-148 

<1.1 

15 

0 

DGFET 

$87.95 

SP144VOG 

144-148 

<0.55 

24 

+ 12 

GaAsFET 

$109.95 

SP220VD 

220-225 

<1.9 

15 

0 

DGFET 

$59.95 

SP220VDA 

220-225 

<1.3 

15 

0 

DGFET 

$67.95 

SP220VDG 

220-225 

<0.55 

20 

+ 12 

GaAsFET 

$109.95 

SP432VD 

420-450 

<1.9 

15 

-20 

Bipolar 

$62.95 

SP432VDA 

420-450 

<1.2 

17 

-20 

Bipolar 

.$79.95 

SP432VDG 

420-450 

<0.55 

16 

+ 12 

GaAsFET 

$109.95 


Every preamplifier Is precision aligned on ARR'e Hewlett Packard HPB97DA/HP34BA stato-oMhe-art noise figure 
meter. RX only preamplifiers are for receive applications only. Inline preampllflera are rf switched (for use 
with transceivers) and handle 25 watts transmitter power. Mount Inline preamplifiers between transceiver 
and power amplifier forhlgh power applications. Other amateur, commercial and special preamplifiers available 

In the 1*1000 MHz range. Please Include $2 shipping In 
a ■ U.S. and Canada. Connecticut residents add 7-y*% 

nfl VOflf sales tax. C.O.D. orders add $2. Air mall to foreign coun- 

w^saa^ww^ tries a(Jd Order your ARR Rx only or Inline 

Receiver preamplifier today and start hoarlng like never before! 

Research 

Box 1242 • Burlington, CT 06013 • 203 582-9409 
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RATES Noncommercial ads IOC per word; 
commercial ads 60C per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


SCHEMATICS: Radio receivers 1920s/60's. Send brand name, 
model No,, SASE. Scaramella, PO Box 1, Woonsocket, Rl 
02896-0001. 


RADIO FREQUENCY SPECTRUM CHART made specifically 
for Amateur, shortwave listeners, and scanner enthusiasts. 16" 
x 20"FULL COLOR poster suitable for framing Only $4.50 plus 
$1.50 s&h. Schools and others please write for quantity discount. 
Rover Printer, KB6DYM, 2135C Columbia, San Diego, CA 92101. 

BACK ISSUES HR Oct 71 thru Dec 81.72-77 in binders. $65. 
VE3BJY, B. Brenko, 2 Vista Dr., Foothill, Ontario LOS 1E0 

DIGITAL AUTOMATIC DISPLAYS. All transceivers. Six 1/2" 
digits. 5" wide x 1-1/4" cabinet! Send $1 00 for information. 
Receives $25.00discount, Grand Systems, POB 2171. Blame. 
Washington 98230. 

WANTED: Service and operating manual for Gonset GSB-100 
model 3233 transmitter. Also wanted a Viking Challenger trans¬ 
mitter that is complete, Fadden, Box 1223, Blaine, WA 908230. 

THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays I900Z also 3 880 Tuesdays 
at 2359Z. Net control N5BDN. Clarksville, IN 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Kann Ueber 
Posttach 2454 
D-Z8S0 Loerrach 
Wnst Germany 
Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 4 16 
B-9218 Gent 
Belgium 

Ham Radio Holland 
Postbus 413 
NL-ZBOO Ar Emmen 

Holland 

Ham Radio Europe 
Box 2084 

S-194 02 Upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis. Ave des Clarions 
F-89000 Auxerre 
France 

Haro Radio Germany 
Kaon Ueber 
Posttach 2454 
D-7850 Loerrach 
West Germany 


Canada 
Send orders to 
Ham Radio Magazine 
Greenville NH 03048 USA 
Prices in Canadian funds 
I yi $29 95. 2 yrs $53 30 
3 yrs $75 40 


Ham Radio Italy 
Via Mamago 15 
I 20'34 Milano 
Italy 


Ham Radio Switzerland 
Kann Ueber 
Posttach 2454 
D 7850 Loerrach 
West Germany 


Ham Radio England 
do R S G B 
Alma House 
Ccanborne Road 
Potters Bai 
Herts EN6 3JW 
England 


OLD RADIO transcription discs wanted. Any size, speed. 
W7FIZ, Box 724 HR, Redmond, WA 98073 0724. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, Cardiff, 
CA 92007. 

UHF PARTS. We stock GaAs Fets, Trimmers, and many of 
those impossible to find parts for the UHF builder. For exam 
pie: MGF 1202 at $10.00, Finger Stock at $7.50 per 16' strip. 
SASE brings list. Microwave Components, 11216 Cape Cod, 
Taylor. Ml 46180. 


IMRA, International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton. CA 09224. (2131 774 1255. 


IBM-PC RTTY/CW CompRtty II is the complete RTTY/CW pro¬ 
gram for the IBM-PC and compatibles. Virtually any speed 
ASCII, BAUDOT, CW. Text entry via built-in editor! 10,000 
character transmit/receive buffers. Adjustable split screen dis 
play. Instant mode/speed change. Hardcopy, drskcopy, break 
in buffer, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MARS and traffic handling. 
Requires 128k PC. XT, AT, PCjr, PC-DOS, serial port, RS-232C 
TU. $65. Send call letters (including MARS) with order David 
A. Rice, KC2HO, 7373 Jessica Drive, North Syracuse, NY 13212. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 

PRINTED CIRCUIT BOARDS and kits for QST articles Call 
or write for information. A&A Engineering, 7970 Orchid Drive, 
Buena Park, CA 90620. (714) 521 4160. 

PACKET/ASCII/BAUDOT/CW for IBM PC. SASE to: Emile 
Alline, 773 Rosa, Metairie, LA 70005. 

WANTED NC400 receiver. Any condition. W2PUA, 112 Tilford 
Road, Somerdate, NJ 08083. (609) 783 4175 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith- - Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Complete 
illustrated catalog, $2.00. Mastercard, VISA, COD accepted. 
Pacific Cable Co., Inc., 7325-1/2 Reseda Blvd,#l0l1, Reseda, 
CA 91335. (818) 716-5914. 

DISCOUNT CABLE TELEVISION EQUIPMENT. We have IN 
STOCK complete systems for Hamlin, Oak, Jerrold and other 
cable systems. Please send for a free information package-it 
could save you big money on your purchase of these and other 
CATV items. Easy View, PO Box 221, Arlington Heights, IL 
60006 13121 952 8504. Ask for Rudy Valentine. 

HAPN (Hamilton and Area Packet Network) announces the avail¬ 
ability of a packet radio terminal node controller (TNC) on a card 
that plugs into a slot in an IBM-PC ot compatible computer. Card 
contains terminal node controller and 1200 baud 202-type 
modem. Card available as bare board ($75 US) or assembled 
and tested unit ($199 US). AX.25 software included with each 
order For order outside N.A. please add $3.00. For informa 
tion/orderS: HAPN, Box4466, Station D, Hamilton, Ontario, 
Canada L8V 4S7. 

CHASSIS and cabinet kits. SASE K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315, 

ELECTRON TUBES Radio, TV & Industrial Types- Huge 
Inventory.Send for 80% off tube listing. Call Toll Free (800) 
221-5802 or write Box HR, Transleteronic, Inc., 1365 39th Street, 
Brooklyn. NY 11218 (718) 633-2800 

WORLD TOP BAND Frequency Allocations Listing. Handy 
“Top Band" operating and contains al( currently available CW 
and SSB allocations for countries on ARRL DXCC list. (317 total, 
10 no authorization, 61 no information available). Also includes 
OST sent/received column for keeping track of cards. $5.50 
USA, Canada and Mexico. $7.50 elsewhere. Dennis Peterson, 
N7CKD, 4248 A Street SE, Space 609, Auburn, WA 98002 

WANTED: Heath Curve Tracer IT-3121 kit/assembled. Mission 
School needs 10 units. Call Manila, P.l. 832 1773 or write Mis 
sion POB 1651 MCC Makati MM. P.I/FM3 
SALE: HW101 with power supply manual. Best offer over 150 
Single bander (20m) offer. Both prof, wired. Excellent condi 
rion. W2PUA, 112 Tilford Road, Somerdale, NJ 08083 1609) 
783-4175. 

CAPS with call/handle. Mesh or loam backs. 12 colors/white 
fronts; brown/tan. Mens/ladies styles. $7.50 net. CERAMIFUN 
315 - 11th Street, Ramona, CA 92065 (619) 789 4730. Visa/MC 
accepted Quantity rates to dubs. 

FOR SALE: Knight 50W transmitter. Matching VFO. 10-80 
meters. $75 00. Collins Type 32V Transmitter $250.00. Donald 
M. Cox, 318 Park Blvd., Orange Cove. CA 93646. (209) 626-4219 


ELECTRONIC COMPONENTS Resistors, any value/quantity 
(minimum 20/value). 1 14 watt $.01@, 1/2 watt $.02(5)-$1.25 
shipping. Quantity discounts, 1,000 +-. Send wattage(s), walue(s) 
quantity(s) and remittance. Capacitors —50V Ceramic Disk, all 
values $.10@>, minimum order $1.00 — $1.25 shipping. 
T.O.R.C.C C. Electronics, Box 47148, Chicago, (L 60647 (312) 
342 9171. 


CLEANING out Ham Shack. 35 years of receivers, transmitters, 
accessories, tubes and parts. Send SASE for 6 page list. 
W9VZR, 4627 North Bartlett Avenue, Milwaukee, Wl 53211. 


REPEATER FOR SALE: Spectrum model SCR-1000 2 meter, 
2-1/2 years old, freshly factory reconditioned and upgraded. 
John L. Hackman, WB4VVA, PO Box 194, Mount Pleasant, Ml 
48858. 

QST July 1985 issue wanted. Prof. G. Felser, Trazerberggasse 
5, 1130 Vienna, Austria. 

CIRCUIT BOARDS guaranteed lowest quotes. Single and dou 
ble sided boards. Prototypes through large production quanti¬ 
ties. Mail specifications for quotes. Hobbyists: print your own 
circuit board. Kits of all sizes, low prices. Basic kit $3.00 materials 
for two 3"x4 " boards (included) or SASE for catalog to 
T.O.R.C.C.C. Electronics, Box 47148, Chicago, IL 60647 (312) 
342 9171. 

2 METER AMP KITS: 8877 legal limit kit $395. 3CX800A7 900W 
kit $325. Also HV power supplies, CX600N relays, parts and EME 
newsletter. SASE for catalog. 2 Meter EME Bulletin, 417 Stauda- 
her St., Bozeman, MT 59715. 


CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C & D Electronics, PO Box 
1402, Dept. HR, Hope, AR 71801. 

RIW-19 432 MHz beams by K3IPW. SASE for information. 


COMING EVENTS 

Activities — “Places to go . . 

CALIFORNIA: Flea Market/Boneyard Sale. Foothill College, Los 
Altos Hills. March-Sept. 2nd Saturday of every month. 7 AM 
Sellers. 7:15 AM buyers. Talk in 145.27(-l or 147.570 simplex. 
FCC exams (408) 255-9000. 

GEORGIA: The 7th annual Lake Hartwell Hamfest, sponsored 
by the Anderson, Hartwell and Toccoa Amateur Radio Clubs. 
May 17 and 18, Lake Hartwell Group Camp, Hwy 29, Hartwell. 
Free admission, free camping and free flea market space. Activi¬ 
ties for the entire family. For information: Merrick 
A. Counsell, W2BNS, 215 Nottingham Way, Anderson SC 
29621. 


ILLINOIS: The Starved Rock Radio Club Hamfest, June 1, 
Princeton. Same place as last year. SASE please for complete 
registration materials, map, etc. SRRC, W9MKS, RFD 1, Box 
171, Oglesby, IL 61348 1815) 667-4614 

OHIO: The Medina County Hamfest, May 11, Medina County 
Community Center Building, 735 Lafayette Rd., Medina. Spon¬ 
sored by the Medina 2 Meter Group, 8 AM to 2 PM. Building 
and flea market setup 6 AM. Tickets $3.50 advance, $4.00 at 
the door. Tables $6.00. Flea market space $4.00. Talk in on 
147.63/03, K8TV/R. For tickets, table reservations: PO Box 452, 
Medina, Ohio 44258. 1216) 725-4492 or (216) 769-3033. 

ILLINOIS: The Moultrie Amateur Radio Klub Hamfest, April 20, 
Coles County Airport, Mattoon. Contact MARK, PO Bax 79, 
Sullivan, IL 61951. 

CALIFORNIA: FCC exams. Novice Extra. Sunnyvale VEC ARC. 
(408) 255 9000 24 hour. 73, Gordon, W6NLG, VEC 

OHIO: The all new 17th Annual B’A ,, S*H - New Location, 
new entertainment, new food - will be held on Friday night 
of the Hamvention, April 25, 1986. The new location is in the 
Conference Center at the HARA Arena and Exhibition Center, 
(the same location as the Hamvention) starting at 7 PM. There 
is no admission charge, and free continuous entertainment Food 
and.beverages available. Two exciting top awards, and many 
others. Stay right at HARA when the Hamvention closes on Fri¬ 
day evening and meet your friends and join us for an evening 
of fun and entertainment. Sponsored by the Miami Valley FM 
Association, POBox 263, Dayton, Ohio 45401. 


OKLAHOMA: The Great Plains ARC'S 5th annual Northwest 
Oklahoma Eyeball & Swapmeet. Sunday, April 13, 9 AM, 
Moore/and. Admission $2.00 at door Dealer and swap tables 
available no charge. VE tests Saturday, April 12. Campsites avail 
able. Talk in on 147.72/12, 146.13/73 and 146.52 simplex. For 
information: (405) 994-5394 or 994-5453, Write: NR5L, Gordon 
Richmond, Rt. 1, Box 12, Mooreland, OK 73852 or N5CCV, Ger 
aid Bowman, Box 356, Mooreland, OK 73852. 

COLORADO: The Aurora Repeater Association will hold its 
annual ARA Swapfest, Sunday, April 27, National Guard 
Armory, 55 S. Potomac, Aurora, 8 AM to 3 PM. Tables, raffle, 
FCC exams. For information: Aurora Repeater Assoc., PO Box 
31043. Aurora, CO 80041 or call John(303> 344 1915. 

IND/ANA; The third annual Columbus Amateur Radio Club 
Swapfest, Saturday, April 5, 9 AM to 5 PM, 4H Fairgrounds, 
SR 11 South, Columbus. Talk in 146.79 repeater. For reserva¬ 
tions: Chuck Roberts. 2950 S. Lake Drive, Columbus, IN 47203. 
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NEW JERSEY: TCRA Manifest Tri-County Radio Association, 
Sunday, May 4, Passaic Valley Community Center, off Valley 
Road, Stirling. 9 AM to 3 PM. Tables $7. AC $10. Registration 
$2. Limited tailgating by reservation only. AN 
reservations W2EUF, Dick Franklin, Box 182, Westfield, NJ 
07090. (201) 232-5955. 


OHIO: The Portage Amateur Radio Club's Hamfair, Sunday May 
18, Randolph Fairgrounds, Ravenna. Gates open 6 AM for 
dealers. 7:30 for public. Indoor/outdoor flea market. ARES, 
ARRL, DX, packet and computer forums. Tickets $3.00 advance, 
$3.50 at the gate. Mobile check in 144.79/145.39 repeater. For 
tickets send check and SASE to PARC, c/o Joanne Solak, 
KJ30/8, 9971 Diagonal Road, Mantua, Ohio 44255. For infor¬ 
mation call (216)274-8240. 

LOUISIANA: BRARC Hamfest, May 3 and 4, Baton Rouge. Free 
admission. VE exams Saturday and Sunday, 8:30 AM. 30 day 
advance registration. Send SASE, Form 610 and check for $4.25 
payable to ARRL/VEC to George Perry, W5LVX, 17424 Lady 
Constance, Greenwell Springs, LA 70739. Some walk-ins. For 
further info SASE to Rick Pourciau, NV5A, 879 Castle Kirk, 
Baton Rouge, LA 70808. 

ARKANSAS: The Northwest Arkansas ARC will hold its 6th 
annual Hamfest, Saturday, May 3, Rogers Youth Center, 315 
W. Olive Street, Rogers, AR. 8 AM to 4 PM. Exhibitors and flea 
market tables $2.00 per space. Doors open 6 AM for exhibitors 
only. General admission free. Talk in on 16/76, 63/03 and 52 
simplex. For more information: Roy Milliren, AF5W, 2014 S. 16th 
Street, Rogers, AR 72756. 

CALIFORNIA: The Fresno Amateur Radio Club will hold its 44th 
annual Hamfest, May 2, 3and 4. Airport Holiday Inn. FCC exams 
will be given. DX and Emergency programs. Forums and demon 
strations. Talk inon 146-34-94. For information: Harry H. Bill 
ings, Fresno ARC, PO Box 783, Fresno, CA 93712. (209) 
268-6314 

INDIANA: The Putnam County Amateur Radio Club's 4th annual 
Hamfest and Auction, April 12, Putnam County Fairgrounds, 
north of Greencastle. Setup time 6:30 AM. Doors open to pub 
lie 8:00 AM. Auction 1:00 PM. Admission $3.00. Children under 
12 free. Flea market tables $3.00 each. Your tables $2.00 each. 
Talk in 147.33/93. For information or table reservations SASE 
to Kent Douglas, K9JCR, RR4 Box 586, Greencastle, IN 46135 
(317) 672-823? or Nick Aubrey, N9FCB, RR2, Box 592, Green¬ 
castle, IN 46135 (317) 653-5290. 


MISSOURI: The PHD Amateur Radio Assn.'s annual State 
ARRL Convention, April 11-13, old Kansas City Airport, north 
of downtown KC. Registration $4.00 (good for all 3 days). Swap 
tables $10.00, includes one registration. Saturday night banquet 
$10.50 by advance registration. VE exams. Talk in on 34/94 
repeater. For information/registration: PHD Amateur Radio 
Assn, Inc., PO Box 11, Liberty, MO 64068 0011 (816) 781-7313 
or 452-9321. 


WISCONSIN: The Ozaukee Radio Club's 8th annual Cedarburg 
Swapfest, Saturday, May 3, 8 AM to 1 PM, Circle B Recreation 
Center, Highway 60 and County I, Cedarburg. Admission $2.00 
advance, $3.00 at the door. 4' tables $3.00 each. Sellers setup 
7 AM. For tickets, table reservations or more info SASE to ORC 
Swapfest, 101 E. Clay St., Saukville, Wl 53080. 


NEW YORK: The Suffolk County Radio Club's Indoor/Outdoor 
Flea Market, Sunday, May 4, 8 AM to 3 PM, Republic Lodge 
No. 1987, 585 Broadhollow Road, Melville, LI. General admis¬ 
sion $2.00. Wives and children under 12 free. Indoor tables $7.00. 
Outdoor space $5.00. Each includes one admission. Talke in on 
144.a61/145.21 and 146 52. For more information: Bill Sullivan, 
N2ETG (516) 689-9871 evenings. 


NEW YORK: Manhattan's Quarterly Computer Show and Elec¬ 
tronic Flea Market, April 5, 10 AM to 4 PM, Christ Church 
Auditorium, Park Avenue and East 60th Street. And, again on 
April 26, 10 AM to 4 PM, St. Anthony's Church Community Hall, 
Sullivan and Houston Streets. Admission to each show $2.50. 
For more information: Mr. Johnson. Public Domain Software 
Copying Company, 33 Gold Street, New York, NY 10038. (212) 
732-2565. 

NORTH CAROLINA: Raleigh, the City of Oaks and the Raleigh 
Amateur Radio Society presents the 14th annual RARS Ham 
fest, NC State ARRL Convention and Computer Fair, Jim Gra¬ 
ham Building. NC State Fairgrounds, Hillsborough Street. 
Advance registration $3.50 until April 7. $5.00 at the door. Flea 
market space, one table and 2 chairs (ours only) $6.00 each. 
FCC exams by pre registration prior to April 1. Contact John 
Johnson, WM4P direct. Free welcoming party in Graham Build¬ 
ing Saturday night, 7 10 PM. Wouff Hong Ceremony. Talk in 
04/64 and 28/88. For more information: Rollin Ransom, NF4P, 
2447 Fairway Drive, Raleigh, NC 27603. (919) 779-5021. 

MASSACHUSETTS: The 12th annual ECARA Flea Market, 
April 27, 10 AM to 2 PM, 200 Sportsmen's Club, Sutton Road, 
Webster. Tables $5.00 advance; $7.00 at the door. Admission 
$2.00. Free parking. For information: Tom Francis, KB1SP (617) 
743 7283. Dick Spahl. K1SYI (617) 943-4420. Don Amirault, 
K1APE (203) 923 2727. 

MASSACHUSETTS: The Montachusett Amateur Radio Associ¬ 
ation will hold an indoor flea market, Saturday, April 26, Knights 
of Columbus Hall, Electric Avenue, Fitchburg. 9 AM to 3 PM. 
Admission $1.00. Reserved tables $8.00 advance. $10.00 at the 
door. Refreshments and free parking. Doors open 8 AM for 
sellers. Talk in on 144.85/5.45 and 52 simplex. For table reser¬ 
vations send check payable to MARA, c/o Jim Beauregard, 
KB1AY, 7 Mountain Avenue, Fitchburg, MA 01420. 


MASSACHUSETTS: Tailgate High Tech, computer and Ama¬ 
teur Radio Flea Market, Sunday, April 20, 10 AM to 4 PM, 


Albany and Main Street, Cambridge. Admission $1.50. Sellers 
$5 per space includes 1 admission. Setup 9 AM. Talk in 146.52 
arid 449.2/444.2, W1XM/R. For space reservations or further 
information: Jamie (617) 262-5090 or 253-2060. Sponsored by 
the MIT Electronics Research Society and W1XM/R. 

PENNSYLVANIA: The 4th annual Southern Aleghenies Ham¬ 
fest, Sunday, April 13, 7 AM to 4 PM, Bedford County Fair¬ 
grounds, Bedford. Sponsored by the Horseshoe Radio Club, 
Blue Knob Repeater Assn, Bedford Co. ARC, Mountain ARC 
and Somerset Co. ARC. Admission $3.00. Tailgating available. 
Reserved inside tables. Refreshments and a consignment auc¬ 
tion. Talk in on 145.49/89, 444.2/9.2 and 146.52 simplex. For 
information: Gay Rembold, W3DFW, 949 Winifed Rd, Cumber¬ 
land, MD 21502 (301) 724 0674 or (814) 445-7486. 


NEW HAMPSHIRE: Deerfield. The Hosstraders will present their 
Spring Tailgate Swapfest, Saturday, May 10 at Deerfield, NH 
Fairgrounds. Admission $2 per person; no extra charge for 
sellers. Friday night camping at nominal fee, but no entry before 
4 PM Friday. Profits benefit Shrirters' Hospital. Last year’s gift: 
$11,754.46. Talk-in 146.40-147.00. New England's biggest Ham¬ 
fest is sponsored by Bob, W1GWU, Joe. K1RQG, and Norm, 
WA1IVB. For map SASE to WA1IVB, RFD Box 57, West Bald 
win, ME 04091. 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the Mlt Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday, April 23, 1986,7 PM, MIT Room 
1-134 , 77Mass Ave, Cambridge, MA. Reservations requested 
2 days in advance. Contact Ron Hoffmann (617) 
253-5820/646 1641 or Craige Rodgers at 225-6616. Exam fee 
$4.00. Bring copy of current license, 2 forms of picture ID and 
completed form 610 (available from FCC in Boston. 223 6609). 

OPERATING EVENTS 

“Things to do . . 


ARMED FORCES DAY: In recognition of the 37th anniversary 
of this event. Amateur Radio Station W40DR, located North- 
side aboard Naval Air Station Memphis, Millington, Tennessee, 
will be operated by sailors and Marines on Saturday, 17 May 
from 1400Z to 220Z. For information on W40DR, NAS Mem¬ 
phis contact: Station Custodian, Chief Petty Officer Bob Donan, 
KA4FAL, (901) 872 2007. 


QRP ARCI Spring CW Contest, April 19 to April 20. For infor¬ 
mation Eugene Smith, KA5NLY, Chairman, POBox 55010, Lit¬ 
tle Rock, AR 72225. 

ATLANTA, GA: The Metro Atlanta Telephone Pioneers ARC 
will operate W40TA, April 18-20 to help celebrate A Taste of 
Atlanta 1986. Telephone Pioneers nationwide are encouraged 
to participate. For Special Event QSL SASE with log info to 
MAT PARC /Taste of Atlanta, John C. Parker, PO Box 54017, 
Atlanta, GA 30308. 

Groton, CT: The Radio Amateur Society of Norwich (RASON) 
will Operate Croaker Memorial Special Event Station KA1IFG 
from 1700ZApril 19 to 1700Z April 20 from the submarine USS 
Croaker to commemorate the 42nd anniversary of its commis¬ 
sioning. Frequencies: SSB —3.890, 21.290. CW —3.730, 7.130, 
21.130. QSL with SASE to RASON, PO Box 903,Norwich, CT 
06360. 

SCHOLARSHIP AWARD: The Atlanta Radio Club is pleased 
to announce its 1986 scholarship awards program. Two sums 
of $1250.00 each will be awarded to the winners. Applicants must 
be licensed Radio Amateurs graduating from high school and 
entering an accredited college or university as Freshmen for the 
first time in 1986. Judging is based on school grades, citizen¬ 
ship, ham radio achievements and financial need. For applica¬ 
tion blanks write: Phil Laita, W4QTS, 259 Weatherstone Park¬ 
way, Marietta, GA 30067. 


THE FOUNDATION FOR AMATEUR RADIO, INC., a non¬ 
profit organization with headquarters in Washington, DC, plans 
to award 21 scholarships for academic year 1986-87. Licensed 
Radio Amateurs may apply for these awards if they plan to pur¬ 
sue a full-time course of studies at an accredited university, col¬ 
lege or technical school. For additional information and appli¬ 
cation form send letter prior to May 31, 1986 to FAR 
Scholarships. 6903 Rhode Island Avenue, College Park, MD 
20740. 

Derby and District Amateur Radio, incorporating Derby Wire¬ 
less Club 1911, will be celebrating its 75th anniversary during 
1986. The Society plans at least one event per month through¬ 
out the year each from a different location with the City of Derby. 
The callsign to listen for will be GB3ERD. 

1986 marks the 50th anniversary of the Greater Cincinnati Ama¬ 
teur Radio Association. A number of special events are planned. 
Watch for announcements here. 
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INSTALL YOUR OWN 
SATELLITE SYSTEM 
& SAVE DIG $! 

DRAKE, CHAPARRAL, DX, 
HOUSTON TRACKER, 
PANASONIC, STS, TOKI, 
NIDEN, RAY DX, LAUX, 
PARACLIPSE, ECHO, 
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1 - 600 - 468-0478 
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1 - 014 - 838-0384 
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SPRING SUNSPOT 
SALE! 

SAVE $7 00 


COMPUTERIZED DX EDGE 
Generate your own Greyline display. 

Xantek has adapted their best selling DX 
Edge to the computer world and it 
comes at a very reasonable price. This 
computerized operating aid brings into 
your ham shack the ability to know and 
predict when and where DX is going to 
appear. When you are using the pro¬ 
gram, the computer will automatically 
update the information as the sun 
progresses across the face of the Earth. 
To make the computerized DX Edge even 
easier to use, the display is keyed to the 
DXCC list and the 40 CQ zones. Disk and 
documentation included. This is some¬ 
thing you’ve Got to have! ©1985. 

I IXN-C64 (For Commodore C-64)REG 34.95 



Now JUST $27.95 



Please add $3.50 lor postage and handling 


radios bookstore 

GREENVILLE, NH 03048 
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THE GUERRI REPORT 


by Ernie Guerri, W6MGI 


analog vs. digital — 
the difference blurs 

It wasn't too long ago that the line 
between analog and digital operators 
(devices that perform functions in their 
respective domains) was easily distin¬ 
guished. We accept the idea that ana¬ 
log functions have an “unlimited" 
number of steps and that digital func¬ 
tions are easily distinguished by the 
fact that the function takes place in 
discrete steps. But what do we really 
mean by "unlimited" or "discrete?" 
Well, it turns out that for most analog 
functions, the "limit" is set by the 
resolution of the relevant human sense 
— touch, smell, hearing, etc. But in 
reality we find that the presumption of 
a continuous gradient of sensory per¬ 
ception has its limits. The average eye 
can distinguish between 55 and 75 
levels of gray. This means that 6-bit 
digitizers (64 shades) are all that is 
necessary to present an image that has 
appears to have continuous tones. 
This is well within the capabilities of 
today's digital techniques, and literally 
thousands of shades and colors are 
possible for even the most demanding 
visual applications such as computer- 
aided design and engineering. 

The same is true for the acoustic 
domain. Much professional recording 
is now done with equipment that con¬ 
verts the analog signal to a purely dig¬ 
ital form. Because the digital signal has 
better "resolution" than the human 
ear, it's a simple matter to process the 
signal for noise reduction, echo, 
timbre, and other characteristics that 
would be nearly impossible to correct 
in analog form. The result is the splen¬ 
did performance of compact disks and 


the spectacular recordings possible 
with the 16-bit pulse code modulation 
(PCM) adapters that are available for 
use with VCRs. 

Similar strides are being made in the 
development of tactile and olfactory 
sensors and processors. The principal 
applications for these devices are as 
enhancements for robots on the fac¬ 
tory floor. Digital signal processors, 
combined with motion controllers that 
"naturally" respond to digital signals 
(rather than analog signals) are soon 
to perform the most delicate human 
tasks, with significant improvement in 
repeatability. Reliability and availabil¬ 
ity are issues yet to be resolved. It may 
well be that as the level of robot com¬ 
plexity increases, the robots may also 
get "sick," but in ways we have yet 
to determine. 

A practical application for the 
newest breed of digital signal proces¬ 
sors will be the re-emergence of the 
picturephone. When the first Bell pic- 
turephone was implemented over 10 
years ago, it offered only black and 
white images and was limited by a 
rather poor ability to transmit motion. 
(The bandwidth compression tech¬ 
nique used at that time was called con¬ 
ditional replenishment — which meant 
that only the portions of the picture 
that had changed were transmitted.) 
Processing speed limitations kept the 
image from having the quality that 
consumers demanded, and, of course, 
color images were not available. 

The same basic coding scheme is 
now being used by companies in both 
the United States and Japan to offer 
video teleconferencing in full-color 
motion over standard 56-bit data lines. 
High-speed digital signal processing 


chips, combined with some enhance¬ 
ments to the original replenishment 
scheme, have made the desired results 
possible at costs that are quite afford¬ 
able for business applications. 

microscope can "see" 
atoms 

Researchers at IBM Laboratories in 
Switzerland are refining a recently 
developed technique that permits a 
scanning microscope to display the 
individual atoms of a surface structure. 
The device operates by scanning a 
very small probe a few atomic di¬ 
ameters above the surface. An electric 
field proportional to the distance 
between the probe and the surface is 
measured and converted to a visual 
"image" of the surface. Since the field 
is proportional to the square of the dis¬ 
tance, surface characteristics are eas¬ 
ily distinguished from background or 
"noise." The technique can be used in 
conjunction with other microscopy 
methods to serve as a magnifier or 
zoom device. Typical operation re¬ 
quires a few minutes to scan the sur¬ 
face under examination and produce 
a three-dimensional image of the 
atomic structure. Because most sur¬ 
faces are not uniform for a distance of 
more than a few dozen atoms, the 
actual area scanned is quite small. This 
is not a real limitation, however, since 
the purpose of the device is extreme 
magnification of very specific features. 
The device will have special benefit for 
those who are working at the limits of 
semiconductor fabrication technology 
and are seeking to develop the smallest 
possible features or achieve the 
highest levels of integration. 
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REFLECTIONS 


communication for fun and profit 

Wouldn't you think that after working an eight-hour day you'd do anything except continue 
the same thing you'd been doing all day? 

Some people work at jobs that they dislike. Perhaps they're stuck — but for one reason or another, 
they just can't leave their positions. They wouldn't be caught dead spending even a minute thinking 
about their work once they're finished for the day. Others enjoy their jobs but make it a point to 
sharply differentiate between their work and their private lives. Still others don't see this separation 
so clearly; they either take work home or participate jn some aspect of it after hours. 

Psychiatrists would probably agree that the middle group is the healthiest and well-balanced. They 
could earn a living treating the first and third groups. 

As editor of a ham magazine I find that I gravitate towards the third group. I spend my daylight 
hours pushing papers from one side of the desk to the other; miraculously, manuscripts are edited, 
schedules are developed, correspondence is answered, and magazines get published. But when it's 
time to quit, I still find myself thinking about a preamplifier that exhibits extremely high IM perfor¬ 
mance, a multi-element antenna design that can develop a high forward gain and front-to-back ratio, 
or a multi-stage bandpass filter that can be designed and optimized through the use of a CAD program. 

Often I just go down to the radio room to briefly scan the band to see if Europe is coming through 
on a more southerly route — didn't WWV just announce a K index of 5? But wait a second . . . 
there's LZ1KDP on 3792 describing his three-element wire beam at 200 feet above the streets of So¬ 
fia. Trying to picture that scene, I find that I have the microphone in hand and I'm dropping my call 
several times. Suddenly there's Stefan's voice coming out of the loudspeaker, warmly saying hello 
from Bulgaria, and we basically continue where we last left off from the previous contact. Pop, (Popa, 
YU7PFR), comes on frequency and we find ourselves discussing the minor pattern distortion achieved 
by adding segments at one end only that change the resonant frequency of his director, reflector 
in his three-element wire Yagi. Perhaps we're discussing Serbo-Croatian music or — back to the tech¬ 
nical realm — the merits of the Plessey SL1640 1C in a circuit he's building. In short, we find our¬ 
selves going beyond what some perceive as the humdrum nature of today's all-too-common 
Hello/Goodbye QSO; "Hello, your signal is ... my QTH is ... my name is . . . please QSL . . .Goodby." 

Just think of the opportunity presented to us. We can communicate with others over thousands 
of miles, discussing — within the limits of reason and common sense — a myriad of subjects. We 
can increase our friendships, learn languages, discuss mutual problems we have with a particular 
computer program. It's almost like having good company over after dinner. 

This form of communications is not just fun — I profit from this. We all do. For when you extend 
friendship, hear that laughter from someone who's been trying very hard to say something in English 
while you try to respond in his language, even though you know only a few words, we all profit. 
We profit when suddenly we start to observe the makings of a bent propagation path from both ends 
of the circuit . . . see it develop, peak, and disappear, and see the potential for other exciting con¬ 
tacts as well. We profit by learning to live with each other under crowded conditions, not entirely 
unlike those of an inner-city tenement, on this cluster of frequencies we call an Amateur band. It's 
all here to do with as we please. I choose to communicate for fun and profit. 

Rich Rosen, K2RR 
Editor-in-Chief 
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de W9JUV 


THE CONCEPT THAT CITIZENS HAVE N O RIGHT OF ACCESS TO THE R ADIO SPECTRUM is still very much alive, according to 
comments by California Congressman Carlos Moorehead at the fourth and final House subcommittee hearing on the 
Communications Privacy Act of 1985 March 5. Early in the hearing Deputy Assistant Attorney General Jame3 Knapp of 

the Justice Department Criminal Division testified that his agency didn’t believe scanning for "recreational 

purposes" should incur "criminal or civil liability." Instead, the Justice Department position was that it would 
be a crime only if "the citizen both intercepts and divuLges communications under circumstances in which the 

interception and divuigence are illegal, tortious, or for criminal gain" -- which is pretty much the present law! 

However . Congres sman Moorehead Severely C r iticized The Just i ce Position , stating “It’s very clear there are all 
kinds of mischievous things you can do if you have one of these scanners" such as hearing "family fights, 
conversations between someone and their girl friend, inside information that stockbrokers might be giving out over 
the phone..." He then read from a scanner ad a long list of the things that can be heard -- including Amateur 
Radio noting that "these are private calls and obviously something has got to be done to limit the range of 
these scanners." He further stated the purpose of the bill was to prevent people "from deliberately trying to 
intercept any or all of these calls..." though admitting that accidental interception such as through a TV set 
shouldn’t be prosecuted if the listener quiokLy "switched to the next band." 

Following Moorehead*s Condemnatio n Of T he Ju stice Positio n. Knapp agreed Justice would consider whether "We 
should go that second step and predicate a violation based upon the interception of ’the radio signal’ itself." 

“Shockingly Pervasive Misrepresentation" By The Cellular Industry in its previous testimony about cellular 
privacy before the subcommittee was charged by the Association of North American Radio Clubs (ANARC) in its 
comments. ANARC emphasized that cellular transmissions are even less private than a cordless phone’s, due to the 
far greater range of cellular transmitters and the variety of means by which cellular can be intercepted. 

full Committee and could quickly move to the house floor. At the same time the Senate version of HR 3378 will 
become active there as well. A 3 the report above demonstrates, this bill’s threat to a citizen’s traditional 
access to the radio spectrum as described in Ham Radio’s February editorial is still a very real one! 


FCC ACTION ON ARRL'S PROPOSAL TO ENHANCE NOVICE PRIV I LEGES may very well come in time for the Dayton Hamvention 
in the form of a Notice of Proposed Rule Making. Most of the comments filed in response to the proposal (RM 5038) 
were favorable, though some did in fact raise questions about just what it is expected to accomplish, since it 
would require raising Novice qualifications to correspond with the new privileges. Another concern was that it 
might decrease incentive to either learn t.he code properly or even upgrade, since the "enhanced" Novice license 
would provide access to both HF and VHF phone bands. 

T HE COUNCIL F OR AMATE UR RADI O EXAMINI NG Iff NOW OFFICIALL Y recognized as a "Not For Profit" corporation under 
Illinois law, and efforts are under way to establish its tax-exempt status for donations as well. Representatives 
of the CARE member VECs, which now include all national VECs (except the ARRL) a3 well as many regional VECs, plan 
to hold an informal strategy meeting during the Dayton Hamvention weekend. 

WESTERN INT ERNATIONAL COORDINATOR’S ASSOCIATION" IS TH E NE W NAME tentatively chosen for the "Pacific Area 
Coordination Association" announced in last month’s Presstop. The new name was adopted to reflect the group’s 
expanded sphere of influence, now planned to extend to ALaska and the western portions of both Canada and Mexico. 

A formation meeting has now been set for September 6, during the ARRL National Convention in San Diego. 

APPARENT ON-THE AI R "BU SINESS" ACTIVITES ON "FLOR IDA TRADERS" 75-meter swap net led to issuance of FCC Notices 
Of Violation to 22 Amateurs in the Southeast. The notices were sent out by the Ft.Lauderdale Field Office after it 
monitored two net sessions, and went only to Amateurs who quoted prices on the air or whose "stock" gave the 
appearance that they were running a business rather than disposing of excess personal equipment. 

Though Swap Nets P er S e Are Not Prohibi te d By The Rule s, "business" activities on the Amateur bands are. This 
crackdown, which came about as a result of numerous complaints from Amateurs about this particular net’s 
activities, does not herald any FCC change in direction or indicate the beginning of a nationwide FCC effort. 

THE F CC RELAXED I TS PROHIBITION AGAI NST "AUT OMATIC CO NTROL” for third party traffic relays in a waiver issued 
March 14. The third party traffic problem had arisen in the FCC’s Report and Order on PR Docket 8&-105, which 
permitted automatic control of digital communications above 50 MHz but pointed out that the rules still required 
a control operator’s presence when third party traffic was being handled -- and that any traffic not originated 
by the relaying station was considered "third party." 

The Waiver Applies To Packet Co^F»ipipationa Using AX.25 Protocol , and remains in effect until the Commis¬ 
sion can consider a number of Petitions For Reconsideration that were filed in PR Docket 85-105. It was granted in 
response to a Petition for Extraordinary Relief filed by the ARRL. FCC review is likely late this year. 

THE 12TH ANNUAL EASTERN VHF/UHF CONFERENCE WILL B E HELD May 16-18 at Rivier College in Nashua, NH. It opens with 
a Friday night hospitality suite followed by tech sessions and symposia all day Saturday and a noise figure and 
antenna gain session on Sunday. Dave Knight, KAIDT, 150 Oakdale, Nashua, NH 03052 can provide details. 
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fair comparison? 

Dear HR 

The article, "AMTOR, AX.25, arid 
HERMES: A Performance Analysis of 
Three Systems" in the December, 
1985, ham radio, purports to be a fair 
comparison between the three sys¬ 
tems. However, on finding several er¬ 
rors in this article, and noting that the 
author, W9JD, is also the "inventor" 
of HERMES, I would like to take the 
opportunity, as the "inventor" of AM¬ 
TOR, to correct these errors. 

W9JD introduces the concept of 
"minimum required error-free time" 
being the minimum "clear channel" 
time required to get any traffic through 
at all, and he claims that AMTOR 
needs 4450 mS. This is not true: it is 
only necessary to have a 210-mS 
"clear patch" to get one block 
through; the corresponding "ack" 
need not return in the same clear patch 
but through any subsequent 70-mS 
clear patch. In this, the block- 
synchronous AMTOR system has an 
advantage over the other two systems. 
Even if, to make comparison easier, we 
insist that the "ack" must get through 
the same clear patch as the cor¬ 
responding block, the minimum clear 
patch size is 280 mS, since the one sig¬ 
nal follows immediately after the oth¬ 
er in the same way as the other two 
systems. 

In using the concept of "bit error- 
rate to stop” W9JD says that one bit 
error in every 450-mS AMTOR cycle 
will stop the link, deducing from this 
that the link will be stopped by a ran¬ 
dom B.E.R. of 2.2 percent (1 in 45). 
This is wrong on two counts. First, a 
random B.E.R. of 2.2 percent doesn’t 
guarantee that every cycle will contain 
one error, and some will have none, al¬ 
lowing the link to continue to pass traf¬ 


fic. Second, since only 280 mS of the 
450-mS cycle contain signals, a 
randomly-occurring error will "hit” 
only 28 out of every 45 cycles. In fact, 
a B.E. R. of 2.2 percent will only slow 
the link down to about 50 percent, not 
stop it. 

In analyzing the probability of an un¬ 
detected error in an AMTOR charac¬ 
ter, W9JD says that this will occur if 
the channel reverses an even number 
of bits. This is nonsense. An undetect¬ 
ed error will occur only if the number 
of 0-to-1 corruptions equals the num¬ 
ber of 1-to-0 corruptions. The proba¬ 
bility of this occurring is highest with 
random noise input at 27 percent, not 
50 percent. However, the probability 
of an undetected error in a block of 
three is higher than the third power of 
this when there is some signal in the 
noise. It reaches a peak of 5.6 percent 
when the B.E.R. is 11 percent, then 
falls rapidly to zero below this. (See 
IEEE's Transactions on Communica¬ 
tions, July, 1985, page 710, for a full 
explanation of this strange effect.) 
However, 5.6 percent is still less than 
half of W9JD's figure of 12.5 percent. 

While writing, I would like to in¬ 
troduce a concept which is very rele¬ 
vant when comparing systems for use 
in Amateur Radio, namely "latency," 
or the time taken for traffic to propa¬ 
gate through the system. Although not 
important for one-way broadcasts, ex¬ 
cessive latency is a disadvantage in a 
two-way conversation, as anyone who 
has experienced the 240-mS delay of 
a satellite telephone link will testify! 
The latency of AMTOR is 0.21-0.45 
second; of AX.25 (using figures from 
the W9JD article), 2.8-23.4 seconds; 
and of HERMES, 13.9-43.4 seconds. 
Its relevance to two-way QSOs is that 
it will take at least twice the latency fig¬ 
ure to "pass it over" to the other sta¬ 
tion. Although the longer block sizes 
of AX.25 and HERMES make for low¬ 
er undetected-error rates, their very 
high latency would, in my opinion, 
make them unusable for two-way con¬ 
versational QSOs on HF, for which 
purpose AMTOR still leads the field. 

J. Peter Martinez, G3PLX 
Gosport, Hantshire, England 


STUDY GUIDES 

AMEC0 STUDY GUIDES 

Designed for I /EC Exams 

AMEC0 study Guides are taken from the FCC Ama¬ 
teur Exam syllabus, PR-1035 and have answers 
keyed to ARRL's recently released study material. 
These study guides are compatible with ARRL and 
all other VEC Exams While nothing can guarantee 
that you will pass, AMEC0 Study Guides will make 
sure that you are fully prepared and ready to go 
when you sit down for the exam. Written in clear, 
concise, easy-to-read format, each question fully 
explained. Novice and General books cross refer¬ 
enced to AMECO's 102-01 tor a more thorough 
explanation. 

1 127-01 Novice Class Soltbound $3.50 

112-01 General Class Soltbound $4.95 

126-01 Advanced Class Soltbound $4.95 

[117-01 Extra Class Soltbound $4.95 

I JAM-1 Get All Four $14.95 

ARRL Q&A LICENSE MANUALS 


ARRL Q&A License Manuals are keyed to the latest 
FCC Exam syllabi now in use by the Volunteer 
Examiners. These books are written in an easy-to- 
read conversational style that enhances understand¬ 
ing without scaring the student away. All technical 
subject areas are explained in clear terminology and 
with plenty of illustrations, diagrams and schematics. 
Rules are also fully covered. Each book has the offi¬ 
cial ARRL multiple choice question Pool with 
answers and a key to the FCC Exam syllabus for 
reference to other study publications. These are Hie 
study guides to have. All books. © 1985 1st Edi¬ 
tions. 

I jAR-TG General Soltbound $5.00 

l 1 AR-AG Advanced Soltbound $5.00 

lAR-EG Extra Soltbound $5.00 

: jAR-SG Get All Three $12.95 

NEW TITLES 

FIRST STEPS IN RADIO 
by Doug DeMaw, W1FB 

This new anthology has been taken from DeMaw’s 
'84 and 85 series in QST magazine. It has been writ¬ 
ten to give beginners the basic electronic theory 
needed for upgrading and the ins and outs of how 
radios work. Using a building block approach. 

DeMaw first explains what the different componants 
are. then assembles them into basic circuits and 
ends up with how these circuits work in your radio. 
You also get articles on antennas, propagation and 
beginners level RFI problems and suggestions on 
how to resolve them. Great review for more 
experienced Hams. Perfect tor the beginner. © 

1985. 

CJAR-FS Soltbound $4.P C 


LANDM0BILE AND MARINE RADIO 
TECHNICAL HANDBOOK 

by Edward Noll. W3FQJ 

This is THE HANDBOOK for those who''operate, 
install or service two-way radios. Covers private 
landmobile services, marine radiotelephone and radi¬ 
otelegraph, marine navigation and Citizen's Band. An 
excellent reference book for those studying to pass 
the NABER technician certitication exam. Areas 
covered include: transmission characteristics and 
modulation systems, basic solidstate theory, digital 
and microprocessor electronics, antenna systems, 
test equipment, repeaters and much more. © 1985 
1st edition 576 pages 

1122427 $24.95 


THE COMMODORE 

HAM'S COMPANION by Jim Grubbs, K9EI 

Here's your guide to using the Commodore C-64 
computer in your Ham shack Good solid information 
on where to find software and hardware for CW, 
RTTY, AMTOR, SSTV, propagation prognostication, 
antenna modeling, satellite tracking and much more. 
Includes a list of over 80 sources of software and 
hardware. Also includes a bibliography of over 60 
magazine articles and reviews about using the Com¬ 
modore. ©1985, 160 pages, 1st edition 
UJG-CC Soltbound $15.95 

Please add $3.50 to cover 
postage and handling. 

Ham Radio’s Bookstore 

Greenville, NH 03048 
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See what 
high-performance stations 
do to achieve big-gun status 
on 80/160 meters 


secrets of successful 

low band operation: part 1 


I was curious ... I would often hear stations on 
the low bands comfortably exchanging signal reports 
with rare DX contacts and wonder what type of 
antenna system they were using to achieve such good 
results. Therein was the beginning of a project that 
has provided more answers and technical enjoyment 
than I would ever have imagined possible. 

Late last year a three-page survey was composed 
and sent to 113 of the "big gun" station operators and 
owners. After reading and digesting a two-inch thick 
sheaf of replies, many of my questions — as well as 
many unasked ones — have been answered. It is our 
pleasure to share this information with you. Much can 
be learned from the thousands of hours of experience 
in not only system design but also propagation obser¬ 
vations made through the use of these outstanding 
systems. 

A sincere note of thanks is due to the 47 individuals 
who took the time to fill out the lengthy survey form. 
Although a considerable amount of information was 
requested, some respondents not only entered their 



fig. 1. Three full-size element homespun 80-meter Yagi helps 
produce the outstanding signal heard from I5NPH. 


answers to questions but added more data as well. 
Responses were received from 21 countries from all 
continents. A special note of thanks goes to our over¬ 
seas friends who, besides providing the data, 
responded in English, which is, for the most part, not 
their primary language. Responses were received from 
the following:' 


CN2AQ 

DJOIA 

DLOWU 

EA8ADP 

G2PU 

G3WMZ 

G4AMN 

GW40F0 

I5NPH 

JA1FRE 

J FI 1ST 

K1MEM 

K2FV 

K3ZO 

K5UR 

KG7D 

LA7ZO 

N1ACH 

N4AR 

N4RJ 

N4SU 

NW5K 

N6DKP 

N7CKD 

OE6MBG 

OH1RY 

OZ8BV 

PA3DFU 

SM4CAN 

SM6EHY 

SP3GEM 

TI5EWL 

VE2HO 

VE3BMV 

VE7BS 

VK6LK 

W1FV 

W1NH 

WB2ITR 

W2JB 

W3BGN 

W4DR 

W6NLZ 

W6RJ 

YU7PFR 

ZL4BO 

4X4N.1 





a word on format 

Originally, I had considered providing the informa¬ 
tion in a strictly tabular fashion, following the format 
of the survey with a list of callsigns and the data in 
the adjacent columns. But this approach would have 
required 13.5 printed pages, just for the data! Instead, 
each category is discussed and tabulated individually, 
with callsigns provided in some cases. 

low band transmitting antennas 

Wow! The variety and creativity evident in this area 
is outstanding and as diversified as the users them¬ 
selves. One of the reasons people are attracted to the 
low bands is because it is (or at least was) virgin terri¬ 
tory where you cannot simply buy your station and 

'A note to the others who received a copy of the survey, but whose names 
rJo not appear on tlw list it you have not yet sent m the foim please do su 
and the information will continue to be compiled II a lorm was not sent to 
you please consider it an oversight on rny purl and send lor it 

By Rich Rosen, K2RR, Editor-in-Chief, ham radio 
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I.ibif I, Bu me t ri- 

flttt.tfl£ULJUae 

y ag j , *1 el , tubing 

Y«tqt , 3 el, tubing 

Vagi , S cl .tubing 

Yagi, 2 el,tubing 

Y,igi , J el .wire 

Half loops, $ el.wire 

Delta Loop, two element 

Delta Loop, single element 

Bobtail curtain, phased 2 bay 

Bobtail curtain, single bay 

Vertical arrays, 4 element* 

Vertical arrays. J elements 

Vertical arrays, 2 elements 

Vertical, quarter-wave 

Inverted Voe 

SI opera, half-wave, 3 el 
SI opera, half-wave. 2 el 
Slopor®, half-wave, single 
SI opera, quarter-wave 
Halt Square 
Dipoles, phased 

Dipole,tubing 
Di pole,wire 
WB.Jf 


table 2. 160 meter 

Antenna type 

Vertical plus reflector 
Vertical , pftif, piiiUSittf fll 
Vertical, quarter-wave 
Vertical, quarter-wave 
Half-wave loops, phased 
Inverted Voe 
Inverted L, phased 
Inverted L 

SIopers,guar tor-wave.phased 
SI opera, quarter -wave 
Sloping delta loop 


transmitting antennas 

p/p nddi ti gnat c ommor»t s 

P Double driven, WoNLi 

F Full s ;zo el.OHlftY,I5NFH 

P Loaded el. VE2HQ.K320,W6BJ 

P 40 V. full sire, N6DF P 

P Mir« added one stde.VU/l-FR 

P Versatile system, N45U 

D 240 pur loop.DJOlA 

6135 ,VE5BMV|»20m SPSQEM 
D Vt el-25BVfreq, N4A?, 

D Remote-tuning cap, SM4CAN 

D WtNH W4DR K20I SM6EHV 

U 0.1 25 wave, 2 act i ve.wiFV 

D Hy Tower a (* 0.5 wave.W’BGN 

of fiahn 25, NWSf. 

636 ,/«> .0E6HBG 

P 1 driven, 2 rellrCt.bV^O 

P l ed 70 apar t ,Mfl21 IT, 

•OO , VI 6L ► 
d100 .K3UR 

D Fed RG5B upper corner ,f.2FV 

D Phase '.»,25 wave both.iJFv 

94 rotary,616c N4RJ 
#50 ,GW4tM 0 

D 140 el, 6 65 ,W2MB 


transmitting antennas 

D/P Additional comments 

P Elec rotatable, 4»4NJ 

I) Car di old, SMfiFHV 

- lir otinded monopot e ,N| ACM 

loaded. OLOWU 

P Kefl/Dir switching,N4SU 

4“ open wire @'ln ,W2Jl* 

U Mytower with I OB H.W5BUN 

>5 Ver t ,55 M. vE 'BS 
P Dr t von« 3 rofl,N4RJ 

J Qwitcned, * ij/» 

Fed 26 »m corner .W3BGN 



fig. 2. JF1IST uses a commercially available model CY 703 
(Create Manufacturing) shortened three element Vagi, 


have someone else erect and install a competitive sys 
tern. It meant - and still often means - climbing to 
greater heights, literally, and getting dirt under your 
fingernails. That's changed to some extent with the 
availability of commercial Yagis for 80 meters, but the 
challenge and achievement remain. The full-sized 
homebrew three-element 80-meter Yagi of I5NPH is 
seen on its way up (fig. 1). There is nothing "ama¬ 
teur" about this installation. 

Tables 1 and 2 list the 80 and 160- meter Driven 
and Parasitic transmitting antennas used by a repre¬ 
sentative sample of those surveyed. 

A few notable examples of some very effective 80 


meter Yagi installations are apparent in figs. 2. 3, 4, 
and 5. 

low band receiving antennas 

As a general rule, those surveyed agreed that two 
basic types of antennas are used for reception: the 
elaborate transmitting array or Beverages. That poor, 
often-repeated statement about verticals working (and 
hearing in this case) equally poorly in all directions is 
incorrect. As part of an array, vertical antennas exhibit 
directivity and discrimination against unwanted noise 
and QRM. 

Beverages, for those who have the space, can also 
be used very effectively to receive signals from a pre¬ 
ferred direction and discriminate against others. A two- 
wire version, recently known as an SWA and 
described by Beverage in his original AIEE paper' has 
the additional ability to rotate an azimuthal null. As 
with any other antenna, Beverages have their sup¬ 
porters and detractors. That they work is indisputa¬ 
ble; that most are installed far from optimally is prob¬ 
ably also correct. 

Table 3 includes details of Beverages used effec¬ 
tively by the surveyed stations. Lengths, terminations, 
installation heights, preamp use, and callsigns are 
provided. Though most Beverages preferably are 
installed over low conductivity soil, 0Z8BV proves that 
they still perform over salt water with his four unter¬ 
minated 200-meter long antennas. 



fig. 3. Full size element Yagi is installed "in the clear" and 
accounts for OHIRY's strong signal from Finland. 
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Table J. Low band Beverage receiving antenna* 


Unnaihs 

IVCflU. 

Noty* 


threw 

@300-600 

Unterm 


VE 31M1V 

Five 

@340 

450 ohmo 

20(3B preamp 

NIACH 

One 

•BOO 


10 

4X4NJ 

One 

•390 

440 ohm* 

G 

VKALF 

One 

•350 

Bidirect 

10 ,2 019 

VE7BS 

Two 

•730 One 0300 



WibGN 

Six 

atooo 



W l NH 

Seven 

0S5O 

150-1100 

3-12 

KSUft 

One 



2 wire BMP 

sh4can 

Two 

• 700 


2 wire 

N4T,J 

One 

•300 


1 wire 

N*r<j 

Une 



2 wire SWA 

M7l> 0 

Four 

0600 


ftcvprsihlo 

N4SU 

Three 

0300 


Fed botn end* 

W4DK 

On** 

0500 

Unturm 

6 ‘-preamp 

1 1MEM 

one 

•930 


B 

1 inhn 

One 

• 430 

•30 ohms 


W1FV 

One 

•350 

Unterm 


W1FV 


Nr 

. o* el . 

ladle 4. vagi material description 

Element dnirriiition 

Hbt ■ 

2 . 

(K3Z0* 

90 .linearly loaded (KLMI 

4«A‘0 

"5 

tOMlRV* 

142 (Ri .135.5 <I>Ri ,129.7 (D) aiM.au. 

1037* 

2 

(NADKP) 

R-DR“ 57. > , UR-D*M.45 'Homebrew* 

61 407. Tull *i;v, DFc-R“24 (Homebrew* 


4 

(WAN LZ> 

90 el , 76 boom fU«* 


Z 

(.IF | 1ST ) 

9a. 3 max el ,50 boom, (Create l'.V-7o3l 

2A4* 

.* 

(VE2H0* 

1 lo l.in loaded el, 11 dill dia.AS boom 

5 IS* 

z 

I.IA1FRE) 

33 boom (Homebrew) 

2200 

3 

(WAFLl * 

ikh) 



table 

5. VSWR bandwidth 

Tor 

typical eon AO 

meter antenna's 

An ten 

lisi 


VSWR 

Bandwidth (i.H 

LL 

3 el 

Vagi 

.shorter el 

2s 1 

100 on CW, It**. 

on SSB *Boi 

3 el 

Vagi 

.full sire 

2: 1 

380 

(BO* 

3 el 

Vagi 

.wire 

2: 1 

240 

i BO > 

2 el 

vagi 

,40% lull »i;© 

2j I 

A*.' 

■ Bo* 

Di pel 

e.rotary (M_MI 

2l 1 

100-120 

(Bo* 

Vor 11 

cal 

4 wl driven 

2: l 

300 


Ver t1 

cal 

2 el dr i von 

2i 1 

-• 7m 

* 1 AO * 

Ver 11 

cal 

150 ttflunt »ed 

2i i 

40 

< IAOI 

Vo r 1. 1 C a 1 

auar ter-wave 

2:1 

|M«» 

( 1 60 » 

Vftr 11 

cal 

guar ter wave 


375 

(Bo) 

Hal « 

wave 

*1opnr « 

2t t 

250 

*00* 

Del t a 

Loop 

2: l 

75 

( 1 AO* 


antenna materials 

This broad category discusses the materials used to 
assemble the previously described transmitting 
antennas. In general the Yagis use tapered sections 
of aluminum, if made from tubing, and copper-clad 
wire otherwise. The verticals using aluminum 
(6061-T6) or steel masts, or single or multiple bare or 
covered wires, show more variety. In addition, most 
of the rotatable Yagis use a combination of aluminum 



fig. 4. VE2HQ's homemade Yagi uses linearly-loaded elements 
but still is quite large. 


tubing and insulating sections that are linearly loaded 
by multiple turns of wire. Table 4 provides data on 
the rotaries in terms of length of elements, total weight 
of antenna and miscellaneous details. All of these are 
for 80 meter antennas. So far. to my knowledge, no 
one has an operational 160-meter rotatable Yagi. 

hardware 

This category encompasses the large rotaries, ver¬ 
ticals and wire antennas. Once again the consensus 
is to use hardware that will last under all weather con¬ 
ditions. For the Yagis, this implies stainless steel or 
other non-rusting metals; for the wire antennas, good 
quality rope that is UV-resistant or "Phillystran." To 
withstand all weather conditions, liberal use of paint, 
tape, epoxy, Dow plastic sealant, Copper-kote'"' 1 , 
or Coax-Seal 1 ^ is recommended where applicable. 
Remember that if the antenna is going to fail, it will 
most probably fail in the worst weather, during the 
low-banders’ best operating season. 

electrical characteristics 

The great variety of responses to this question were 
not only a function of the particular antenna in use 
but also a matter of personal preference for instan¬ 
taneous bandwidth operation versus tuning with a 
matching unit. There were those who wanted only flat 
50-ohm lines using coax, and there were quite a few 
who thought that open wire line and use of a match¬ 
box was a better approach. N4SU summed up the lat¬ 
ter opinion with the following statement: "It boggles 
my mind to think about all the Megawatts of RF energy 
being wasted in heating coaxial cable on the ham 
bands in this country.” An example of N4SU's 
approach is shown in fig. 6 where he uses his multi¬ 
loop array for 20, 40, 80 and 160 meters. 

By my way of thinking, both approaches have their 
obvious advantages and disadvantages. Table 5 sum¬ 
marizes some of the achievable VSWR bandwidths 
correlated with the particular antennas used. This is 
just a rough guide; VSWR is a function of many 
parameters. 

antenna gain 

Another somewhat controversial term is achievable 
gain. However, unlike the low-banders' higher fre¬ 
quency cousins (with their 10 to 20-meter high-gain 
arrays), due to the large element dimensions on 80 and 
160, the actual variation between lower and higher 
gain antennas is not too great. After reviewing all the 
data, the highest gain antenna described, I believe, 
is the phased Bobtail curtains built by N4AR; he esti¬ 
mated the gain at 7 to 8 dB over a single ground- 
mounted vertical. The three-element Yagis are not far 
behind, with those surveyed indicating a range of 5.5 
to 6 dB. Next in the gain line are the phased four- 
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element vertical arrays, coming in at between 4.9 and 
6 dB, depending upon whom you talk to. 

The textbooks provide, of course, the theoretical 
maximum values, but there are several important 
points that should be stressed before getting carried 
away with these numbers. Though the maximum 
difference in antenna gain between a big gun and a 
little pistol on 80 and 160 is around 6 dB, it is not the 
most important factor in the success story. The true 
criterion that makes these high performance stations 
shine is in their ability to hear — and I'm not neces¬ 
sarily talking about the use of Beverages. 

A four-square vertical array does not have much 
more gain than a standard (quarter wave electrically 
and spatially separated) two-element array. But look 
at their front to back ratios, i.e., their E and H field 
patterns). The larger system provides considerably 
more attenuation off the back over a greater azimuthal 
beamwidth than does the cardioid version. This trans¬ 
lates to receiving better and not disturbing others on 
adjacent frequencies as much if they're not in the 
beam direction when you're transmitting. It is for this 
reason, and the fact that it is difficult to quantify the 
received survey data (without all the parameters and 
operating conditions being known) that more specific 
antenna gains are not listed. 

Before we leave this subject, that "measly" 6 dB 
variation in gain mentioned before can, at times, on 
the low bands, represent an enormous difference. Dur¬ 
ing marginal conditions, even a 1 dB change in signal 
level can mean the difference between contact and 
no contact. 


the short path. But let's see, in table 6, what F/B's 
have been observed by the actual users of the low 
band antennas. 

polarization 

There are no eye-openers here. Both horizontally 
and vertically polarized antennas are used effectively 
by the high-performance stations. Due to the large 
antenna dimensions at these low frequencies, there 
are more vertical than horizontal arrays. However, as 
pointed out before, there is no one best antenna for 
all propagation conditions, locations, and times. If 
there were, it would probably have the following 
properties: instantaneous switching in azimuth, ele- 





fig. 5. A double-driven element is used in W6NLZ's four- 
element Yagi, a product of KLM. 


front-to-back ratios 

Getting down to basics, what determines a high 
front-to-back ratio? "Front” is where the signals add 
and "back" is where they cancel, vectorially speak¬ 
ing. Even.simple arrays (two elements) can experience 
a front-to-back (ratio) in excess of 60 dB I However, 
this is for very specific signal arrival angles (azimuthal 
and elevation) and polarization on sky-wave signals in 
particular. A slight change in one angle is all that is 
needed to upset the relationship. And changes do 
occur, sometimes over a very short period of time. 

More complex arrays, however, can and are 
designed to produce azimuthal patterns that exhibit 
deep nulls (30 dB or more) over a 90-plus degree beam- 
width. The four-square and the three-element inline 
are just two examples. The proponents of these driven 
arrays are quick to point out that they have two major 
advantages over rotary Yagis: instant direction change 
(through switching) and better front-to-back and front- 
to-side values. However, in fairness to the Yagi con¬ 
stituency, there are "Horizontal" nights and "Verti¬ 
cal" nights, and many a time a high horizontal beam 
has handily beaten the vertical arrays into Europe on 


Tatiio b. F/B ratios for 1 oh band antennae 


Antenna tvPd 


E-/-B tqBf ‘Cojjsfltaai* 


2 element Yagi,abort al 10*15 

3 clamant'Yagi .abort aJ IK*- 15 

3 clamant Yagi,full *i:o 30 

3 alamant Yagi.wira 0-12 

4 alamant Vert, phased array 30 

4 alamant Vort. phased array 15-45 
2 alamant Vort. phaaod array 20-30* 

Bobtail curtain, two bay 15-20 

Delta loop, 2 elemant drivan 20 


JA1FRE 

function of freq. 

YlT/PFR design 

W1NH 

SMOtMY 

WIFV 

Groat F/S 
0 JO 1A 


Designation 
Telrox 
Homobui1t 
Create RC5A-3X3 
Modified prop-pitch 


• .it» 1 v 7. Rotator* 

WBA32899R1MB tLargaotl 
1 1 250 ratio, 0.5 rpm 
Manufactured in Japan 
Rotates KL.M 4 el Vagi 


Table 8. Support structures 
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vation and polarization, variable beamwidth control, 
and no sidelobes. In addition, it would have the capa¬ 
bility of being scanned in wider arcs while simultane¬ 
ously being operated in narrow mode. After daydream¬ 
ing for a second, even the super stations compromise 
in this respect. That's basically why many use multi¬ 
ple antennas that offer different polarization and op¬ 
timum angle of arrival reception capability. 

steering 

There are two basic means of steering low band 
arrays: mechanical and electrical. Two or more ele¬ 
ments can be made to transmit or intercept signals 


from specific directions if certain amplitude and phase 
relationships at their terminals are satisfied. This is 
accomplished through the use of delay lines, lumped 
components, or combinations thereof. YU7PFR illus¬ 
trates in fig 7 his method of "steering" a three-element 
80-meter wire array. The specific details have been 
provided in many articles and books. An excellent trea¬ 
tise on the design and construction process for phased 
vertical arrays (also applicable to horizontal arrays) can 
be found in a recent series of articles by Forrest 
Gehrke, K2BT. 5 

Mechanical rotation of the large arrays is not a task 
to be taken lightly. It requires careful consideration of 
many factors, including antenna wind-swept area. 
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mounting height, height above local terrain (i.e., is it 
shielded by trees from high winds?), weight, mast 
length, metallurgy, speed of rotation, weather condi¬ 
tions — both average and extreme — and expense, 
to name a few. To accomplish this task, the rotators 
listed in table 7 are used by several of the super¬ 
stations. Unfortunately, only a few of these responded 
to this particular survey question. 

skyhooks that support these antennas 

Man-made and natural structures consisting of 
towers, masts, buildings, and trees provide the sup¬ 
port for the 80- and 160-meter antennas used by the 
stations surveyed. Considering the heights required, 
they probably represent the single greatest installation 
expense (excluding trees, of course). Figure 8 illus¬ 
trates the turnbuckles and guy lines used to tie down 
a 160-foot tower. 

Towers and masts can and often do serve dual pur¬ 
pose as support structure and radiator, as in the case 
of verticals. The variety of the towers is considerable, 
with some installations surpassing, in quality, even 
those used by the commercial radio services. 

Many not wishing to avail themselves of commer¬ 


cial units choose to build or modify other existing 
structures to suit their needs. Those fortunate enough 
to have tall trees on their property have been able to 
construct low band wire antennas that compete effec¬ 
tively with tower-mounted aluminum behemoths. On 
the other hand, it might surprise a few to see how low 
some of the big-gun stations have their antennas. 
Table 8 is a compilation of some of the support struc¬ 
tures used by the high-performance stations. 

When a tower or mast is mounted on the roof of 
a building, the effective height of the antenna is not 
necessarily the combined heights. The building roof, 
depending on its dimensions, electrical characteristics, 
and separation from the antenna could determine an 
array factor with a much higher takeoff angle than 
would be indicated by the total height of the antenna 
above ground. In the case of EA8ADP, his strong sig¬ 
nal into the United States would indicate that every¬ 
thing is working in his favor. 

ground systems 

This perennial question is asked all the time: how 
large a ground system is needed? The simple answer 
is the larger the better. Unless your antennas are situ- 
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fig. 7. YU7PFR is able to switch antenna firing directions by opening and closing relays. 
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ated above an infinite extent, infinite conductivity 
ground plane, there is room for improvement. For 
those using verticals, two conditions should be met: 

1. The immediate area around each vertical should 
have a high density of wire within a quarter wavelength 
of the radiators. A minimum of 100 radials is recom¬ 
mended. This determines and stabilizes the zone 
impedance and reduces losses, which is especially 
important if the current loop (current maximum) is 
close to or at ground level. 

2. An extended ground or radial system should be 
installed as long as possible in the preferred transmis¬ 
sion and reception directions. This increases the 
amount of energy present at truly low angles. How 
long, you ask? That's a function of several parameters, 
including propagation path and mode, distance, far 
field conductivity and permittivity (dielectric constant), 
solar activity, state of the geomagnetic field, transmit¬ 
ter power, and receive site conditions, to name just 
a few. Specifically, if I recall correctly, a six- 
wavelength radial system will produce a maximum ele¬ 
vation lobe at 6 degrees from the horizon using a sin¬ 
gle vertical. 

SM6EHY suggested that it might be worthwhile to 
have the capability of remotely switching an extended 
radial ground system in and out. When switched in, 
lower angle of arrival signals are enhanced. When 
switched out, higher angle takes over. This could be 
accomplished through the use of convenient ground- 
bus point located relays. (Possibly another way to 
achieve this result would be through the use of two 
concentric ground rings at the antenna — the longer 
radials being attached to the outer switched in/out 
ring.) One useful application of enhanced lower angle 
transmission would be to "sneak under" the auroral 
high absorption layers. (More on this later under 
"propagation.") 

Those using vertical antenna systems where the cur¬ 
rent loop is not at ground level should still be con¬ 
cerned with providing as large an extended radial sys¬ 
tem as possible for the second reason, even though, 
the ground loss resistance term represents a smaller 
fraction of the total antenna, in this case feed 
impedance. 

A useful compromise for all vertical users is to place 
a mesh under the antenna as well as a radial system. 
The larger, of course, the better — but since maxi¬ 
mum return currents want to exist within the immedi¬ 
ate vicinity of the antenna, that's where it's most use¬ 
ful. The mesh, in addition to a 0.25 or 0.3 wavelength 
radial system, would improve the performance of the 
composite antenna system. 

The existence of an extensive and symmetrical 
ground system also aids the phased vertical array 
designer. It eliminates one of the unknowns, or, stated 
differently, doesn't introduce yet another complex 


term to deal with. (Warning: before you begin quot¬ 
ing the above statements as gospel, I should mention 
that the information represents my own educated 
opinion, based on the work of others, whom, I believe, 
are correct). 

An extensive ground system also aids the horizon¬ 
tal antenna user. It helps establish the distance 
between the antenna and its image (Green's function) 
and consequently determines the composite elevation 
pattern. This represents an increase of up to 6 dB in 
the total signal (sky and ground reflected wave) at a 
specific takeoff angle. If this angle is optimum for the 
particular path, then, in simple terms your signal will 
be louder at the point of reception and vice-versa. 
Table 9 is a compilation of the ground systems used 
by the super-stations. Notice, however, that only a few 
of the stations that utilize horizontal arrays have exten¬ 
sive ground systems. 

In addition, NW5K uses 30 square feet of chicken 
mesh; 4X4NJ puts 2 pounds of copper sulphate 
around his ground stakes, and N7CKD, besides using 
55 square feet of chicken mesh and a half-mile of 
5-foot (1.52 meters) chain link fence and barbed wire, 
pours 500 pounds of rock salt and 150 pounds of cop¬ 
per sulphate into trenches that he keeps moist at all 
times. (I'd be a wee bit concerned about the latter 
chemical, especially with regard to the possibility of 
its leaching into the water table). 

I personally try to practice what I preach and am 
presently using 200 radials that vary in length from 65 
to 300 feet (20 to 91 meters) in addition to an approxi¬ 
mately 1000 square foot (93 square meter) ground 
mesh. And that's for just one vertical. 

soil characteristics 

As mentioned previously (see "ground systems"), 
the importance of a good ground, especially for verti¬ 
cal antenna users, cannot be stressed enough. There 
are those who are fortunate to have an antenna site 
whose soil has high conductivity or, even better, a high 
salt water table close to the surface. Under these cir¬ 
cumstances the requirements for both near and far 
field enhancement are approached. An almost ideal 
site would consist of a high tower mounted antenna 
overlooking salt water on all sides. 

Notice that vertically polarized antennas have been 
stressed. Though it is true that horizontally-polarized 
antennas are affected by a good ground system in the 
near field, it's the far field conditions of a horizontally- 
polarized antenna that show striking dissimilarities to 
that of a vertically-polarized antenna. 

A figure of merit can be assigned to the reflective 
"nature" of the earth's surface in the form of a com¬ 
plex quantity that has both amplitude and phase terms. 
This reflection coefficient is very different for signals 
impinging on the earth that are vertically, rather than 
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Table 9 

Ground 

systems 


Radials 

Lenath 

Gnd rods 

Lenqth 

Station 

3 

125 

3 

8 

K3Z0 

- 

- 

3 

8 ' 

0E3BM0 


131 

- 

- 

PA3DFU 

* 3 

3 35' 

4 

10 

4X4NJ 

65 

65 ‘ + 

- 

- 

SP3GEM 

50 

62 ' 

- 

- 

VK6L1. 

20 

75 ' 

- 

- 

VE7BS 

125 

65 ' 

4 

8 

NW5K 

90 

00 

6 

6 

W3BGN 

- 

- 

9 

6. 6 

JF11ST 

320 

80 - 

500 

4 

WJNH 

100 

1 30 ‘ 

1 

2 

K5UR 

65 

130 ’ 

~ 

- 

N4RJ 

5 

250 

- 

- 

144 RJ 

400 

70-1000 

30 

10 

SM61EHY 

4 96 

65 

- 

- 

W40R 

15 

65 

3 

6 

DJOI A 

300-360 

30-130 

- 

- 

W IF V 


horizontally, polarized (i.e., the E-field of the electro¬ 
magnetic wave is vertical or horizontal by definition). 
The reflection coefficient is a function of the conduc¬ 
tivity and dielectric constant of the earth, the fre¬ 
quency, and the angle by which the wave strikes the 
surface. 3 

Let's consider three sites and observe the amplitude 
and phase of the ground reflected component for both 
vertical and horizontal polarization. The first site is a 
typical New England location with low conductivity, 
rocky soil. The second is farm land — the pastoral, 
low hills, and rich soil typical of Dallas, Texas or Lin¬ 
coln, Nebraska. The third site consists of an installa¬ 
tion over salt water — for example, any coastal loca¬ 
tion right on the beach. Let's also examine two 
different angles of arrival (or takeoff); 15 degrees for 
the long path and 45 degrees for the short path to 
Europe from the east coast. Table 10 summarizes the 
various conditions and results. 

For those who wish to replicate the calculations, I 
used the following soil parameters: 


Wovolongth: 80 motors 
Frequency: 3.75 MHz 
Rocky soil: Conductivity: 2 mS 

Dmlocttic constant: 14 


Pastoral' Conductivity: 30 mS 
Dielectric constant: 20 
Salty: Conductivity 4,64 $ 

Dielectric constant: 81 
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interpretation of results 

There are a few eye-openers here that help to 



tig. 8. To gain an appreciation of the type of tower needed 
to handle low-band rotaries, examine VE2HQ's new 160-foot 
structure ready to support his three-element Yagi. 


explain observations made over the years. Did you ever 
wonder, for example, why stations using a relatively 
low dipole (50 or 60 feet/15.24 or 18.28 meters) on 
80 meters would often be heard just as well as those 
using verticals working against a good ground screen? 
Compare the seventh and tenth lines in table 10; the 
ground reflected component of the signal from the low 
horizontal antenna is actually stronger than the verti¬ 
cal antenna (72 percent of maximum versus 51 per¬ 
cent). Though this was calculated for rocky soil con¬ 
ditions, examination of the other entries shows that 
the low horizontal beats the vertical for all soil types 
at a 45 degree takeoff angle. 

The situation is even more pronounced for a 
15-degree takeoff angle condition. Compare lines 1, 
2, and 3 with lines 4, 5, and 6; notice that for every 
soil type, the high horizontal beats the vertical. How¬ 
ever, a horizontal antenna produces a maximum ele¬ 
vation lobe of 15 degrees when it is one wavelength 
up (250 feet/76.2 meters). There are probably only a 
few low-banders (WA1EKV, for example) who, thanks 
to a high tower and local topography, have their 
antennas at this height. Consequently, for that low- 
angle, low-path shot, it's perhaps easy to construct 
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a vertical and get approximately the same performance 
as you would with the high horizontal. (This is true 
for medium to high conductivity far field soils). 

Finally, if you're a lover of verticals, then the impor¬ 
tance of an extended radial ground screen becomes 
apparent when you examine lines 4 and 6 in table 10. 
Copper, an even better conductor than salt water, pro¬ 
vides an almost 600 percent improvement in reflected 
component level. This requires radials several 
wavelengths long to achieve a maximum elevation 
lobe of 15 degrees. 

Let's say that you're considering several sites that 
have vastly different soil conditions for your ultimate 
super-station location. If you favor horizontal 
•antennas, there's not a lot of difference in the reflected 
wave amplitude as a function of angle or soil 
parameters (compare lines 1 to 3 and 7 to 9 in table 
10 .) 

But why are we so concerned with the reflected 
component? Simply because the composite launched 
wave or signal is a combination of the sky wave and 
the ground-reflected wave representing a doubling in 
signal level if everything works out. Which brings us 
to the next point: what factors are involved in maxi¬ 
mum signal transmission/reception? The answer is 
that at the optimum launched angle (takeoff angle) — 
i.e. the angle best suited for that path, time of day, 
solar activity, and geomagnetic field conditions — the 
two components must add constructively. This means 
that the phase relationships must also match. Now, 
since the earth looks like a big capacitor, the reflected 
component always lags (negative phase angle) the 
incident wave. Notice in the last column of table 10 
the amount of phase delay is listed for the various soils, 
takeoff angles, and polarizations. It normally follows 
that if the amplitude of the reflected component is near 
unity, then the phase angle is quite small. 

Upon examining all the survey responses no com¬ 


monality between soil type and station performance 
could be discerned. The super-stations run the gamut 
from rocky to salt water ground characteristics and, 
in some cases, possibly have chosen their antennas 
carefully on this basis. 

concluding installment 

In Part 2 of this article, we'll examine responses from 
those surveyed to see how they rate their sites, includ¬ 
ing descriptions of near- and far-field conditions, 
obstructions, and noise sources with which they must 
contend. 

We'll also consider the danger of lightning strikes 
and see what precautions these high-performance sta¬ 
tion operators, particularly those with exposed instal¬ 
lations, have taken, both at the shack and at the 
antennas. Those who've sustained lightning strikes will 
describe the damage that occurred. 

Construction of large antenna systems - whether 
they be rotaries, long wire antennas, or other elaborate 
systems — requires extensive planning, labor, 
expense, and maintenence. What periodic mainte- 
nence do these high-performance station operators 
recommend? Most of these stations have or are us¬ 
ing different antennas - how do they compare? Next 
month, you'll also see how owners rate their stations 
against the competition. Propagation notes, includ¬ 
ing some startling results derived from thousands of 
hours of operating time by those with rotatable and 
switchable arrays, will be included. 

It appears that the days of simple verticals and 
dipoles are rapidly passing: in our concluding install¬ 
ment, high-performance station owners and operators 
will describe additional improvements they plan to 
make to their stations to make them even more com¬ 
petitive in the future. 
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The Packet Radio Handbook 

JIM GRUBBS, K9E1 


BRAND NEW - JUST RELEASED 
HOT OFF THE PRESS!!! 

GET * * * CONNECTED to Packet Radio 

by Jim Grubbs, K9EI 

Beginners’ guide to Packet Radio operation. 

Packet communications is one ol the hottest subjects in Amateur Radio these days Noted com¬ 
puter author Jim Grubbs, author ol the Commodore Ham's Companion and Command Post, has 
pul together one ol Ihe lirst books on how to get on Packet Radio. Packet basics are fully dis¬ 
cussed in a step-by-slep manner Subjects also covered are: selecting a TNC, setting up your 
computer, Packet organizations and publications, protocol, networking. Packet answering ma¬ 
chine, lile transfers, accessories and more! 1986 208 pages, 1st Edition 
i JG-PR Sottbound SI2.9b 
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and Command Post. Order code JG-CP. $9.95. 

Please add S3 50 lor shipping and handling 
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computer-aided design 

of long VHF Yagi antennas 


Design up to 
40 elements 
on a single boom 


This article describes a program for designing nine 
to 40-element Yagi antennas. You provide the design 
frequency, the number of elements, and boom and 
element diameters; the computer calculates the ele¬ 
ment lengths, element spacing, and several additional 
characteristics of the antenna. Whether the elements 
are insulated from or pass through the boom is also 
taken into consideration. 

While this program breaks no new ground as far as 
antenna design is concerned, it does provide a quick 
way of designing long Yagis based on the designs of 
DL6WU, to whom all credit for these excellent 
antennas must be given.' 

One of the most useful features of this program is 
the ability to easily change the number of elements 
and see — immediately — the resulting change in per¬ 
formance. You know, at once, whether the increase 
in length is worth the increase in gain obtained. 

program description 

The program was originally written on a TRS-80 
Model 1 and given to a number of local VHF Amateurs, 
who were asked to evaluate the program and suggest 
improvements. This program is the result of that ven¬ 
ture and resembles the original only slightly. The ver¬ 
sion printed here was written on an Apple lie with a 
Z-80 processor, running Microsoft Basic™. Because 
this is a universal form of BASIC, there should be no 
difficulty using the program on most popular personal 
computers. 

Three commands, peculiar to the computer on 
which this program was written, may need to be 
altered for use on other machines. They are HOME, 
to clear the screen and return the cursor; INVERSE, 
to change the background from light to dark, and 
BEEP, to sound a tone of predetermined pitch and 


duration. The latter two commands are cosmetic; no 
change in performance would result from their 
omission. 

The disc-based program consists of the main pro¬ 
gram and 16 data files. (The data files could have been 
entered as data statements, but because only one is 
required each time the program is run, I opted for data 
files.) 

The program begins in earnest at line 160, where 
the screen is cleared and the title screen is presented. 
(The code for this resides in lines 1820 to 1920.) After 
pressing any key, a few seconds will elapse while the 
computer reads the data for element spacing (lines 
180-220), reflector multiplier (lines 230-260), radiator 
multiplier (lines 270-300), and element material size 
data (lines 310-340). 

The next section (li nes 340-430) asks for the design 
frequency, number of elements — which must be 
between 9 and 40 — the diameter of the boom and 
whether the elements are insulated or pass through 
the boom. 

Lines 440-490 clear the screen and display the infor¬ 
mation entered. In lines 500-640, you're given the 
opportunity to change any of the input data. 

Lines 650-790 calculate boom diameter in 
wavelengths, electrical boom length, beamwidths, and 
stacking distances. Data on the designed Yagi is dis¬ 
played by lines 800-940. Should the design be unsatis¬ 
factory, lines 950-990 allow you to start again. 

Lines 1000-1100 input the size of the elements to 
be used. Calculation of the element lengths is achieved 
by lines 1120-1300. Printing of the design and element 
data is done in lines 1310-1750. 

operating the program 

Operation is straightforward. When <RUN> is typed, 
the screen is cleared and the title is displayed. Press¬ 
ing any key clears the screen, and after a few seconds 
you're asked to input "center frequency," "number 
of elements," "diameter of the boom," and whether 
"the elements are insulated from the boom." The 
screen is cleared and the input data is displayed. You'll 

By David G. Hopkins, VK4ZF, H Handsworth 
Street, Capalaba, Queensland 4157, Australia 
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fig, 1. VK4ZF Vagi design program. 

10 REM 

20 REM YAOI DESIGN PROGRAM. 

30 REM BY 

40 REM DAVID G HOPKINS CVK4ZF1 

30 REM * 4 HANDSUORTH ST 

60 REM CAPALABA 

70 REM QLD. 4137 

80 REM AUSTRALIA 

90 REM PROGRAM BASED ON THE WORK DONE BY GUNTER HOCH (DL6UU) 

100 REM AND PUBLISHED IN VHF. COMMUNICATIONS 

110 REM REQUIRES THE USE OF LINE PRINTER. 

120 REM V 2.2A 

1 30 REM »##*t*###*****#f#**tftt#t#tm*ttM*t*tt***tttt**tt***«t#*tttttf»** 

140 REM 
130 REM 

160 HOME : GOSUB 1020 

170 CLEAR:DIM SP(40J ,DSt401 .TSI40) ,LE(45> i Q»-“MMMI"J8»C1)**NNN.HH":Q»<21 *“«MM».** 
H* = 

180 REM-...LOAD ELEMENT SPACING DATA.. 

190 DATA .240,.073,.180,.213,.230,.280,.300,.313,.330,.343,.360,.373,.385,.390,. 

393.. 400..400..400..400..400..400..400..400..400..40 

0,.400,':400,.400,.400,.400,.400,.400,.400,.400,.400,.400,.400,.400,.400,.400 
200 FOR X«1 TO 40 
210 READ SPIX) 

720 NEXT 

730 REM-LOAD REFLECTOR MULTIPLIER- 

240 DATA .4903,.4900,.4885,.4073,.4865,.4855,.4845,.4835,.4825,.4820,.4810,.4783 
, •4^'»0, . 4763, . 4730, . 4740 
250 DIM RE tl7) 

260 FOR X=1 TO !6:READ REIXJINEXT 

270 REM-*-LOAD RADIATOR MULTIPLIER.. 

280 DIM DR I 171 

290 DATA .4675,.4663,.4640,.4620,.4601,.4385,.4575,.4550,.4330,.4515,.4300,.4460 

,.4433,.4430,.4400,.4385 

300 FOR X=1 TO 16:READ DR IX):NEXT 

310 REM----SELECT ELEMENT MATERIAL SIZE.-... 

320 DATA ,003,.0035,.004?,.O03,.0056,.0063,-007,.0078,.0088,.01,.01143,.0131,.01 

3.. 0163..0182..02 

330 DIM EL M61:F0R ’/= 1 TO 1 6! READ EL I X I ! NEXT 

340 REM- -------INPUT DESIPED PARAMETERS- 

330 HOME :BEEP 20,10 :INPUT "WHAT IS THE CENTER FREQUENCY OF THE ANTENNA IN MHZ. 
“ ;F 

760 BEEP 20,10:PRINT:INPUT'HOW MANY ELEMENTS DOES THE ANTENNA REQUIRE.“iN 

370 PRltvtT :IF N<9 OP N >40 THEN INVERSE '.PRINT "NUMBER OF ELEMENTS MUST BE BETUEE 

N 9 AND 40":NORMAL :GOTO 360 

380 PRINT*BEEP 20, 10: INPUT*WHAT IS THE DIAMETER OF THE BOOM IN MILLIMETERS. “!BD 
390 PRI NT:BEEP 20,10:PR INT“ARE THE ELEMENTS TO BE INSULATED FROM THE BOOM Y= YES 
N=NO 

400 IN*=INKEY* :IF LENUN*»=C GOTO 400 
4J0 IF ?N* =•>*" OR IN* = ">•“ THEN J = l.‘ GOTO 450 
42P IF IN** “N M OP IN*=“ n " THEN 1=0: GOTO 450 
430 GOTO 400 

440 REM.....DISPLAY SPEFICATIONS- - - 

450 HOME -.PRINT “ SPEF I CAT IONS FOP THE ANTENNA TO DESIGN PRINT : PRINT : PR JNT - 1 . 

design freouencv -;f;“ mhz- 

46C PRINT-2. DIAMETER OF BOOM ; B D " MILLIMETERS.' 

470 PPJMT-3. NUMBER OF ELEMENTS :- ";N 

4e0 IF I=I THEM PRINT"*. ELEMENTS APE TD BE INSULATED FROM THE BOOM"ELS 

E PPINT -4. ' ELEMENTS APE TO BE MON INSULATED 

AND THPOUGH THE BOOM- 

490 IF (PDM0001 t (2°9. -P2/F1 . 05 THEM PRINT :PRINT :PRfNl :PRlNT BOOM D1AMEIER 

IS TO LARGE FOP THIS FREQUENCY": PRINT IPPINT :PPINT 
•ENTER A SMALLER DIAMETER ".INPUT BD.*GOTO *140 

500 PEM- -- - CHECK SPEFICATIONS. 

510 PPINT :PPINT :PP!NT :PRINT "ARE ALL THE ENTRIES CORRECT Y*YES N=NO "l 

520 TN*sINKEY» : IF LENUMtl '0 THEN GOTO 520 

550 IF |M*a“V OR IN*=“y* GOTO 650 

540 IF IN*=“N" OP IN*="n“ GOTO 360 

530 PEEP 100,10:GOTO 520 

560 PRINT :INPUT "WHAT IS THE NUMBER OF THE INCORRECT ENTRY "IX 

370 IF k: s 4 GOTO 600 

580 IF 1=0 THEN 1=1: GOTO 440 

590 IF 1=1 THEN |=0: GOTO 440 

600 INPUT “WHAT I? THE CORRECT VALUE "?CV 

610 IF X=1 THEN F=CV 

620 IF X=7 THEN BD=CV 

630 IF v s 3 THEN N=CV 

640 GOTO 450 

650 REM..CALCULATE BOOM DIAMETEP WAVELENGTHS - - 

660 W=299.707/F 
670 BW=>BD ' 1000'W 

630 BC = BD* t526.286*PW.648831 / 1001 

690 REM . - - CALCULATE BOOM LEnO t H ----- - 

700 U=P 

-10 W=?9«5. ?9?^F 

720 F09 X* J TO N-l 
"*30 PS « v i-SP i x I *W* ! 00O 


Pic-Cam 

Introduces thci 



■ Official TAPR TNC-2 design 

- Top quality components throughout 

- Standard AX.25 Version 2 protocol 

- Full duplex hardware HDLC 

Five terminal data rates to 9600 baud 

- Modem adaptable for HF packet 
16K battery backod-up RAM 

• 32K EPROM, software clock 

- latest multiconnect software 

- Five labeled LED status indicators 

• Level 3 networking compatibility 

- Choose CMOS version for low power 

(lOOma typical) or NMOS for lower cost 


Assembled and tested 
Full kit with cabinet 


CMOS- $219.95 
NMOS S 199.95 

CMOS- $169.95 
NMOS - $154.95 


Full kit without cabinet CMOS- $144.95 
NMOS $129.95 


Hard-to-ftnd parts kit 


CMOS - $ 84.95 
NMOS - $ 79.95 


Bare PC board + assy manual $ 39.95 
Reference manual (100 + pg) $ 9.95 
Cabinet with end plates $ 29.95 

Macintosh Owners MACPACKET TNC200| 
gives pull-down menus, split screens, file 
transfers, automatic routing and morel! 
MACPACK£TrTNC200 $69 9S 
Free UPS shipping in continental USA 

SEE US IN BOOTH 357 
AT THE DAYTON HAMVENTI0N 

[Discount 10% for orders of five or moref 
TNC-200s to the same address 

ORDER TOIL FREE (24 hours) 
800-835-2246 ext. 115 
(Kansas 800-362-2421 ext, 115) 

information 813-6B9-3523 

23J! (No COO) 

Florida addresses add 5% 

PAC-COMM PACKET RADIO SYSTEMS, INC. 

4040 W, Kennedy 8lvc n 13609 

intITEtEX 6502881526 Wlm 
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The "Flying Horse" 
has a great new look! 

It’s the biggest change In Callbook history! 
Now there are 3 new Callbooks for 1986. 

The North American Callbook lists the 
amateurs In all countries In North America 
plus those In Hawaii and the U.S. possessions. 

The international Callbook lists the calls, 
names, and address Information for licensed 
amateurs in all countries outside North 
America. Coverage Includes Europe, Asia, 
Africa, South America, and the Pacific area 
(exclusive of Hawaii and the U.S. posses¬ 
sions). 

The Callbook Supplement Is a whole new 
Idea In Callbook updates. Published June l, 
1986, this Supplement will Include all the 
activity for both the North American and 
international Callbooks for the preceding 
6 months. 

Publication date for the 1986 Callbooks Is 
December 1, 1985. See your dealer or order 
now directly from the publisher. 


□ North American Callbook 

incl. shipping within USA $25.00 

Incl. shipping to foreign countries 27.60 

D international Callbook 
Incl. shipping within USA $24.00 

Incl. shipping to foreign countries 26.60 

□ Callbook Supplement, published June 1st 

Incl. shipping within USA $13.00 

Incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

Incl. shipping within USA $45.00 

Incl. shipping to foreign countries 53.50 


Illinois residents please add 6V4% sales tax. 
All payments must be In U.S. funds. 

RADIO AMATEUR III I 

callbook inc 

Oopt. F 

P 925 Sherwood Dr., Box 247 
SfP***' Lake Bluff, IL 60044, USA 


Tel: (312) 234-6600 
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“*40 Tl.5TL‘DSlXI 
7?0 H£YT 

760 PG= t TL f !OPP> / W 

770 REM.- CALCULATE BEAM WIDTHS AND STACKING DISTANCES- 

700 BHi*50.27o«?#PG 1 '- . 4S409 1 ; SH = W t ( 2* » S IN ( BH 12* . 0 1 7453 31 I I 
7 00 p\/B66.51 l 2#PG“ - . 61 726 1 : SV = W/ t 2 * t S IN < BV / 21.01745331 ) i 

900 RE M - -.-.-PRINT PRELIMINARY DATA-- - 

010 HOME 

070 PRINT • YAG! PRELIMINARY DATA”;PRINT 

B30 PRTNT ‘FREQUENCY " 5F; ' MHZ. " 

040 POINT"WAVELENGTH "!W;“ METERS.“ 

850 PRINT "4 OF ELEMENTS -;N 

060 PRINT "DIAMETER OF DOOM "5BDJ” MILLIMETERS" 

070 PRINT "EL EC TP IC AL BOOMLENGTH "J INT(TL)J ” MILLIMETERS” 

800 PRINT * BOOM WAVELENGTHS •IPQ 

090 PRINT •MAXIMUM PRACTICAL GAIN *1(PRINT USING Q*<1)|7.0#< LGQ (PG1/ LOG (101) 
♦ 9.21 :PRINT * d BD■ 

900 PRINT "HORIZONTAL BEAM WIDTH "1(PRINT USING Q*(3)IBH|(PRINT - DEGREES * 

910 PRINT "VERTICAL BEAM WIDTH *1(PRINT USING SS(3MBVJ:PRlNT ■ DEGREES* 

920 PRINT " STACK1 NO DISTANCES" 

930 PRINT * HORIZONTAL!- "J(PRINT USING Q*<2) ISHJ :PR I NT - METERS* 

940 PRINT " VERTICAL - "J (PRINT USING Q* (2) J SVI : PR I NT * METERS" 

930 PRINT IPRINT ‘.PRINT *D0 YOU WISH TO CONTINUE WITH THIS DESIGN Y = YES N-N0 "I 

960 IN**INKEY» :IF LENUNSI *0 GOTO 960 

970 IF IN»»*Y* OR lN»«"y* GOTO 1000 

900 IF I N*= *N* OR IN*«*r>* GOTO 440 

990 BEEP 100,10 :GOTO 960 

1000 HOME :NU=0 

1010 PRINT :PR I NT -YOU MAY USE ANY OF THE FOLLOWING TUBING SIZES FOR THE ELEMENT 

s- 

1020 PRINT :PPINT "SELECT THE SIZE CLOSEST TO THE COMMERCIAL TUBE SIZE" 

1030 FOR X=I TO 16 
1040 NU=NU»l 

1050 PRINT -4 *|XJ“. -J(PRINT USING G»(3i5(EL(X>»Wl#1000i(PRINT * MM*;I 

F (EL(X)*U)f1000>12 THEN XsI 6 
1060 NEXT 

1070 PRINT :PPINT (PRINT (PRINT "ENTER THE 4 OF THE TUBING SIZE YOU WISH TO USE* 
10B0.INPUT TS* 

1090 IF VAL<TS») >NU THEN BEEP 100,10 (GOTO 1000 

1100 TS=VAL?TS*> !TT = EL(TS) ITD( 1 J =TT tUf1000 

1110 HOME I PR 1NT "STAND BY THIS WILL TAKE A FEW SECONDS* 

1120 REM..LOAD TUBING SIZE TABLES---.. 

1130 N* ="CURVE’(N2*=N*»TS* 

1140 OPEN * I ", 1,N2* 

1150 FOP X*1 TO 36 
1160 LINE INPUT 41,0» 

1170 TSiX)=VAL40*1 
1180 NEXT 
1 190 CLOSE 

1200 REM---- --CALCULATE ELEMENT LENGTHS- 

1210 FOR X=7 TO 42 

1220 IF 1 = 1 THEN LE»XJ«U«TSI X - 2J* 1000 ELSE LE1X I *<W*TS(X-2 > >« 1000•BC 
1230 NEXT 

1240 LE < 1> = W*RE < TSl»1000 

1230 IF 1=0 THEN LEU>=LEIil»BC 

1260 LEI 21=W*DRtTSi*t000 

1270 IF 1=0 then LEf 2 > =LE(21 •DC 

1280 HOME 

12*0 PRINT PRESS ANY KEY WHEN THE PRINTER IS READY"(BEEF 10.20 
1300 IN*=INI‘F?» (IF LENIJN4I =0 GOTO 1300 

131P L PPI NT * VAGI DESIGN DETAILS (-* 

1 320 LPRINT --- ---------- 

1330 LPRINT (LPPINT 

1340 LPPINT "DESIGN FREQUENCY (- " ,F 1 “ MHZ." 

1330 LPPIN1 'WAVELENGTH ", :t PPIMT USING 0*I 2i ;Ut:LPRI NT * METERS* 

1360 LPPINT "NUMBER OF ELEMENTS ( ",N 

1370 LPRtNI 'Df AMF TCP Of BOOM ;■ ",BDi “ MM " 

1380 l PRINT 'DIAMFTEP OF ELEMENTS ( LPPINT USING 0*131{TDll< i-: LPRINT " MM" 

1790 IF 1=1 THEN LPPINT "ELEMENTS APE INSULATED FROM THE BOOM“ ELSE LPPINT *ELEM 
ENTS APE NOT INSULATED FROM AND PASS THROUGH THE BOO 
M’ 

1400 LPPINT "ELECTRICAL BOOM LENGTH “, I NT(TL) } “MM“ 

1410 LPPINT “BOOM WAVE LENGTHS (- ’,PG 

1470 LPRINT “MAXIMUM PRACTICAL GAIN ( ", ( LFRINT USING G*< 1 > ;7.0# ( LOG »PG) / LO 

G «101 I*9.2;(LPRINT ’ d&D" 

1430 LPPINT “HORIZONTAL BEAM WIDTH (- -,:LPRINT USING O*«3)!fiH5(LPRINT ~ DEGREES 

1440 LPPINT “VERTICAL BEAM WIDTH ", (LPRINT USING 0*(31 iBVi (LPRINT " DEGREES 

143P LPRINT "HORIZONTAL STACKING DISTANCE : ’,( LPRINT US ING G*l2>;SH;( LPRINT * 

METCPC- 

I460 LPPINT -VERTICAL STACKING DISTANCE (- LPRINT USING 0tt2»;$V;: LPRINT “ 

METEPS" 

1470 PRINT :t PPINT 

1490 LPPINT ' ELEMENT LENGTHS IN MILLIMETERS. DISTANCE P ROM REFLE 

CTOP MM.* 
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If>00 LPPINT 

l 5 JO LPPINT “REFLECTOR " , : LPP-INT USING- 0»(31SLEttI,: LPRINT LFRlNT ,:L 

PRINT " 0" 

J??0 LPPINT “DRIVEN - , I LPRINT USING G*t3J 5L£t2> ,J LPRINT LPRINT,:l 

PRINT USING Q*(3 > J SPfl»«W«lO0C 

I?30 PS=SP ( I J *U* 1 <300 

mart FOR x = 3 TO N 

1550 RS=PS«*P i if- lt*W*1000 

1360 LPPINT “DIRECTOR * "jX-2,: LPRINT USING Q*<3> ILE1XI ,;LPRI NT ,:LPRINI ,ILPR1 
NT USING (5*131 IPS 
1570 NEXT 
1380 (.PRINT 

13?P LPRINT * ELEMENT SPACING IN MILLIMETERS - 
1600 LPRINT “* = =* = » = « = » = =* = = ==•* = = = = = = = = = = = = == = = = =: = = = =- 

1610 LPRINT 

1620 LPRINT “REFLECTOR DRIVEN -,:LPRINT USING Q»l3l}DSll> 

1630 LPPINT -DRIVEN - DIR I",:LPRINT USING G*<3>;DS<2> 

16*10 FOR y = 3 TO N-l 

1630 LPRINT “D1R“;X-2S" DIR "JX l,JLPRIMT USING G*i3»;DS»M 

(660 NEXT 

1670 LPRINT :LPRINT ;LPP1NT“ NOILS' 

1680 LPRINT .'LPRINT “I. THE DIMENSIONS ARE FROM CENTER W CENTER IN ALL CASES" 
1690 LPRINT “ FOR EXAMPLE THIS MEANS THE DOOM MUST BE CUT LONGER THAN THAT G1 
VEN* 

1^00 LPRINT- TO PE ABLE TO MOUNT THE ELEMENTS.' 

1 1 0 LPRINT T. I P VOU WANT WIDE BANDWIDTH USE A FOLDED DlPOLE AS THE DRIVEN EL 

EMENT.* 

! 7 20 LPRINT -3. THE DRIVEN ELEMENT DIMENSION IS THE LENGTH OVERALL.* 

1730 LPRINT “4. VOU MUST WORK TO AN ACCURAC OF BETTER THAN 1MM AT FREQUENCIES 
ABOVE 400MHI!.* 

1740 LPRINT “5. ACCURACY BELOW 400MH2 SHOULD BE WITHIN 1.5 MM." 

'175C LPRINT *6. ELEMENT MOUNTING MUST BE BETTER THAN .3 MM OF THE ELEMENT CENTE 
R , * 

1^60 ROME IFOR X* T TO 9’.LPPINT -.NEXT 

1770 PRINT -ANOTHER CALCULATION 7 vsYES N^NO’} 

1780 1N*=INKEY*: IF LEN C IN*) =0 GOTO 1700 
1790 IF IN* ®-Y" OR IN»“*y“ THEN GOTO 440 
1900 IF IN»s*N* OR IN*=’n- THEN END 
1010 BEEP 100,20 :GOTO (7B0 

1020 ROME :PRINT 1 PRINT “THIS PROGRAM WILL DESIGN LONG VAGI ANTENNAS* 

1830 PRINT “ WITH ANY NUMBER OF ELEMENTS BETWEEN 6 AND 40“ 

1840 PRINT :PR I NT IPRINT 

1030 PRINT “ THE PROGRAM IS BASED ON ARTICLES BY GUNTER HOCK" 

I860 PRINT - AND PUBLISHED IN VHF. COMMUNICATIONS* 

1870 PRINT SPRINT SPRINT 

1880 PRINT “ YOU WILL REQUIRE A LINE PRINTER TO OBTAIN THE RESULTS* 

1B90 PRINT :PR INT I INVERSE :PRINT “PRESS ANY KEY TO CONTINUE *}: NORMAL:BEEP 20, 
10 

1900 IN*«INKEY» : IF LEN IIN»l=0 GOTO 1900 
1910 HOME 
1920 RETURN 
1930 END 


be asked if you wish to correct any input. If all is correct the screen displays 
the information shown in fig. 1. Once again, you're asked whether you wish 
to continue or go back and change any input value. 

If the design is acceptable, you next select the size of the tubing to use for 
the elements. Depending on the frequency, up to 16 different sizes of element 
material will be offered, Choose the size nearest the one you can readily buy 
from your supplier. The screen will now clear and after about 15 seconds, the 
computer will ask if the printer is ready, then print out the complete design. 


'DIRECTION FINDING? 


* Interference Location 

* Stuck Microphones 

* Cable TV Leaks 

* Security Monitoring 



★ VHF and UHF Coverage 

★ Computer Interface 

★ Speech Synthesizer 

★ 12 VOC Operation 


I 


New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 

0 DOPPLER SYSTEMS, INC. w*mib 


RF 

TRANSISTORS 

1 FRESH STOCK - NOT SURPLUS 1 

TESTED 

- FULLY GUARANTEED 


2-30 MHz 12V C 

28 V) 


P/N 

Rating 

Each Match Pr 

MRF406 

20W S14.50 

$32.00 

MRF412,/A 

BOW 

18.00 

45.00 

MRF421 

100W 

25.00 

56.00 

MRF421C 

110W 

— 

60.00 

MRF422* 

150W 

38.00 

82.00 

MRF426./A* 

25W 

18.00 

42.00 

MRF428* * 

150W 

55.00 

125.00 

MRF433 

12.SW 

12.00 

30.00 

MRF435* 

150W 

42.00 

90.00 

MRF449./A 

30 W 

12.50 

30.00 

MRF450./A 

50W 

14.00 

31.00 

MRF453./A 

60W 

15.00 

35.00 

MRF454./A 

BOW 

16.00 

36.00 

MRF455./A 

sow 

12.00 

28.00 

MRF458 

8QW 

20.00 

46.00 

MRF4B0 

BOW 

18.00 

42.00 

MRF464’ 

BOW 

25.00 

60.00 

MRF466* 

40W 

18.75 

48.00 

MRF475 

12W 

3.00 

9.00 

MRF476 

3W 

2.75 

8.00 

MRF477 

40W 

11.00 

25.00 

MRF479 

15W 

10.00 

23.00 

MRF485* 

15W 

6.00 

15.00 

MRF492 

90W 

18.00 

40.00 

SRF2072 

75W 

15.00 

33.00 

SRF3662 

now 

28.00 

60.00 

SRF3775 

75W 

15.50 

34.00 

SRF3795 

85W 

16.50 

37.00 

CD254S 

50W 

23.00 

52.00 

SD1076 

70W 

17.00 

40.00 

SD1451 

50W 

15.00 

36.00 

Selected High Gam Matched Quads Available 


VHF/UHF TRANSISTORS 



Rating MHz 

Net £a Match Pr 

MRF212 

10W 136-174 

$16.00 

— 

MRF221 

15W 136-174 

10.00 

_ 

MRF222 

25W 136174 

14.00 

— 

MRF224 

40W 136-174 

13.50 

32.00 

MRF231 

3.5W 66 88 

10.00 

_ 

MRF234 

25W 66-88 

15.00 

3900 

MRF237 

4W 136-174 

3.00 

— 

MRF238 

30W 136-174 

12.00 

_ 

MRF239 

30W 136-174 

15.00 

— 

MRF240 

40 W 136-174 

18.00 

_ 

MRF245 

BOW 136-174 

28.00 

65.00 

MRF247 

75W 136-174 

27.00 

63.00 

MRF250 

50W 27-174 

20.00 

46.00 

MRF260 

5W 136-174 

7.00 

_ 

MRF261 

10W 136 174- 

9.00 

— 

MRF262 

15W 136-174 

9.00 

_ 

MRF264 

30W 136-174 

13.00 

— 

MRF607 

1.75W 136-174 

3.00 

— 

MRF641 

15W 407-512 

22.00 

— 

MRF644 

25W 407-512 

24.00 

54.00 

MRF646 

40W 407*512 

26.50 

59.00 

MRF648 

BOW 407-512 

33.00 

69.00 

2N3886* 

1W 30-200 

1.25 

_ 

2N4427 

1W 136-174 

1.25 

_ 

2N5591 

25W 136-174 

13.50 

34.00 

2N5842* 

20W 30-200 

13.75 

34.50 

2N5945 

4W 407-512 

10.00 

— 

2N5946 

10W 407-512 

12.00 

— 

2N8080 

4W 136-174 

6.25 

— 

2N8081 

15W 136*174 

7.50 

— 

2N6082 

25 W 136-174 

8.90 

— 

2N6083 

SOW 136*174 

9.30 

24.00 

2N6084 

40W 136*174 

11.75 

28.50 


TMOS FET 



MRF134* 

5W 2-200 

$10.50 

_ 

MRF137* 

30W 2-200 

22.50 

— 

MRF138* * 

30W 1.5-150 

35.00 

— 

MRF150* * 

150W 1.5*150 

80.00 

— 

MRF172* 

80 2-200 

65.00 

— 

Selected, matched tmats tor Kenwood. 

Vaesu, 

Icom, Atlas, etc . Technical assistance and cross • 

reference Information on CD. PT. RF. SRF. SDP/Ns 

QUANTITY DISCOUNTS AVAILABLE 

WE SHIP SAME DAY C.O.D./VISA/MC 

INFORMATION AND CALIF. ORDERS: (819) 7440728 

OUTSIDE CALIF ORDER DESK: 800054-1927 


i RF PARTS 


- 1320-16 Grand Ave., San Marcos 

mm 

J California 92069 (6191 744*0728 
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YAGI PRELIMINARY DATA 

FREQUENCY 

43Z MHZ. 

WAVELENGTH 

.693963 METERS. 

n OF ELEMENTS 

15 

DIAMETER OF BOOM 

20 MILLIMETERS 

electrical boomlength 

2803 MILLIMETERS 

BOOM WAVELENGTHS 

4.04 

MAXIMUM PRACTICAL GAIN 

13.93 dBD 

HORIZONTAL BEAM WIDTH 

25 DEGREES 

VERTICAL BEAM WIDTH 

28 DEGREES 

STACKING 

DISTANCES 

HORIZONTAL:- 1. 

603 METERS 

VERTICAL 1. 

434 METERS 

fig. 2. Preliminary data display 



The first part of the printout provides the charac¬ 
teristics of the Yagi followed by the element lengths 
and the progressive distance from the reflector to each 
element. The next section gives the distance between 
the centers of the elements and concludes with some 
notes about the construction of the antenna. 

The program is simple to use, in that any numerical 
input requires the pressing of the enter (return) key, 
but any input requiring a "Y" or "N" does not. Either 
upper or lower case may be used for the "Y" or "N" 
inputs. In the version shown, a high pitched tone is 
sounded when the computer requires an input and a 
low tone is sounded when it receives an unexpected 
input — i.e., when you've made a mistake. (This fea¬ 
ture can easily be removed if your computer doesn't 
support the BEEP command.) 

typing in the program 

There's a lot of typing to do. No errors are allowed. 
The main program should pose no real problem, but 
the data files are a real chore. You may use the listing 


10 HOME 

7P DIM A(39) ;o*«" CURVE 

3P PRINT “WHAT 15, THE NUM8EP OF THE CURVE YOU WISH TO ENTER "i:INPUT C* 

40 p*=o«*c* 

Tie PRINT "ENTER THE VALUES FOR THE CURVE" 
ftp FOR X-l TO 38 

print '#"1 x; : Input a<> i 
68 NEXT 
°0 HOME 

IW PRINT “THESE APE THE VALUE FOR CURVE"iC 

IIP PRINT 

136 PRINT 

130 FOR X"1 TO 33 


"APE ALL THE VALUES CORRECT Y =YES N=NO":INPUT 
■Y* GOTO 250 
"N“ GOTO 216 


I PRINT 
) INPUT I 

I GOTO I< 
I HOME 


"OUTPUT TO ntsc 


7-60 NEXT 
310 CLOSE 

336 PR t NT "END OF PROGRAM 
330 END 


fig. 4. Program to input data files. 


YAGI DESIGN DETAIL! 


2.030 MEIERS 


nrSIGN FREQUENCY : - 
WAVELENGTH : - 

HUMBER OF ELEMENTS : * 

01AME T ER OF BOOM 33 * 

DIAMETER OF ELEMENTS :- 10.3 MM 

ELEMENTS ARE NOT INSULATED FROM AND PASS THROUGH THE BOOM 

ELECTRICAL BOOM LENGTH - 3913 MM 

BOOM WAVE LENGTHS ! 1.853 

MAXIMUM PRACTICAL GAIN :- I 1. IP dBD 

HORIZONTAL BEAM WIDTH : 3?.3 DEGREES 

VERTICAL BEAM WIDTH 45.A DEGREES 

HORIZONTAL STACKING DISTANCE 3.214 METERS 

VERTICAl STACKING DISTANCE 2.662 METERS 


ELEMENT LENGTHS 


PE c lEC top 
DRIVEN 
DIRECTOR * 


0IR6CI0R « 
DIRECTOR R 
DI PEC T OR W 
DIRECTOR 9 


DISTANCE FROM REFLECTOR MM. 


2549, 

3164 

3913. 


’ SPACING IN MILL'METERS 


NOTES 

THE Pi MENS IONS APE FPiJM CENTER TO CENl 
FUR EXAMPLE THIS MEANS THE BOOM MLJfY I 
H* BE ABLE TO MOUNT The ELEMENTS, 

II YOU WANT UIOE BANDWIDTH USE A FOLDED DIFOLE AS THE DRIVEN ELEMENT. 

THE DRIVEN CLEMENT DIMENSION IS THE LENGTH OVERALL. 

rnu MUST WORK TO AN ACCURACY ?F BETTER THAN IMM AT FRESUENCIES ABOVE 400MHZ. 
ACCJRAC v BELOW Jv'OmmZ SHOULO HE WITHIN 1.5 MM. 

ELEMENT MOUNT INC MUST ee BETTER THAN .5 MM OF THE ELEMENT CENTER, 

YAGI DESIGN DC TAILS 


DESIGN FREQUENCY 432. S MHZ. 

WAVELENGTH 0.693 METERS 

NUMBER OF ELEMENTS 20 

DIAMETER OF BOOM :- 19 MM 

DIAMETER OF ELEMENTS 6.1 MM 

ELEMENTS ARE NOT INSULATED FROM AND PASS THROUGH THE BOOM 

ELECTRICAL BOOM LENGTH !- 41S3 MM 

BOOM WAVE LENGTHS : 6,035 

MAXIMUM PRACTICAL C-AIN 15.Z9 dBD 

HORIZONTAL BEAM WIDTH 21.1 DEGREES 

VERTICAL BEAM WIDTH :- 21.9 DEGREES 

HORIZONTAL STACKING DISTANCE I" 1.097 METERS 

VERT ICAL STACKING DISTANCE 1.022 METERS 


ELEMENT LENGTHS 1 


REFLECTOR 

DRIVEN 

DIRECTOR * I 
DIRECTOR 9 2 

DIRECTOR N 3 
DIRECTOR M 4 
DIRECTOR M 5 
DIRECTOR R 6 
DIRECTOR * 7 

DIRECTOR • El 
DIRECTOR N 9 
DIRECTOR M 10 
DIRECTOR 9 11 

DIRECTOR M 12 
DIRECTOR « 13 

DIRECTOR M 14 
DIRECTOR M t5 
DIRECTOR « 16 

DIRECTOR N |7 
DIRECTOR M 18 

ELEMENT SPACINi 


- 

LI ME T EPS 


DIR 1 
DIR 2 
DIR 3 
DIR 4 
DIR 5 
DIR 6 
DIR -• 
DIR 8 
DIR 9 
DIR 10 
DIP i 1 


DIR 

DIR 

DIP 


DIP 

DIR 

DIR 


1. THE DIMENSIONS ARE FPOM CENTER TO CENTER IN ALL CASES 

FOR EXAMPLE THIS MEANS THE BOOM MU3T BE CUT LONGER THAN THAT GIVEN 
TO BE ABLE TO MOUNT THE CLEMENTS. 

2. IF YOU WANT WIDE BANDWIDTH USE A FOLDED OIPOLE AS THE DRIVEN ELEMENT. 

3. THE DRIVEN ELEMENT DIMENSION IS THE LENGTH OVERALL. 

4. YOU MUST WORK TO AN ACCURACY OF BETTER THAN IMM AT FREOUENCIES ABOVE 400MHZ. 
3. ACCURACY BELOW 400MHZ SHOULD BE WITHIN 1.5 MM. 

6. ELEMENT MOUNTING MUST BE BETTER THAN .? MM OF THE ELEMENT CENTER. 


fig. 3. Sample printouts. 
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10 HOME 

20 INPUT * OVERALL DIMENSION OF DIOPLE IN MM “;DG 
30 INPUT "INTERNAL DIMENSION OF FQLOED DIOPLE IN MM 1- ";T :R*T/2 
40 INPUT "DIAMETER OF ELEMENT ";DE 
50 A=2*<DO-2»(DE*R> > 

60 C=2*22/7*(R+DE> 

70 D*A+C 

80 PRINT “TOTAL LENGTH OF MATERIAL REQUIRED "5D;" MM" 

90 PRINT "START OF BENDS FROM CENTER OF ELEMENT “;A/4;“ MM." 
100 END 

fig. 6. Program to calculate material for a folded dipole. 


in fig- 2 to help with this task. This program enables 
you to enter the values for the file and then check the 
results before writing the file to the disc. 

If your computer has graphic capabilities, it's a good 
idea to draw the curves on the screen from the saved 
data files. The curve should be smooth, — no bumps. 
Any points out of line means you have a wrong value 
in the file that must be corrected. 

folded dipole construction 

If you're going to use a folded dipole as the driven 
element, the program shown in fig. 3, which gives the 
length of tubing required and the points at which the 
bends forming the folded dipole should be started, will 
save some time. You simply enter the overall dimen¬ 
sion of the dipole, the inside dimension of the folded 
dipole, and the diameter of the tubing. 

The computer then specifies tubing length and the 
distance from the center of the element to the point 
to start the bend. (Once you start building the actual 
antenna, be sure your tube bender doesn't flatten the 
tube as it bends. If it does, don't forget to make 
allowance for this.) 

when all else fails, read the screen 

Several Amateurs here in VK4 have worked on the 
program, and we believe that it should, by now, be 
just about bug-free. After using the program a few 
times, you'll find designing Yagis much easier. 

I am continually amazed at how earlier versions of 
the program have made their way around the world. 
Should you happen to have a copy of one of the earlier 
versions, it's important to replace it with this updated 
version, since the earlier versions had some errors and 
included none of the latest improvements. 

acknowledgement 

In the original articles six tubing sizes were shown 
on the graph; Allan, VK4KA2, spent many hours draw¬ 
ing the other curves and reducing them to the values 
shown in the data files. 

references 

1. Gunter Hoch, DL6WU, "More Gain with Vagi Antennas," VHF Commu¬ 
nications, Volume 9 (3/1977), (4/1977); Volume 14 (3/1982). 
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fig. 2. Shorting-type primary switch pro¬ 
vides low voltage to supply until capac¬ 
itor is charged. 


the greatest contest 
ever staged 

One of the high points of Amateur 
Radio is the annual ARRL DX contest, 
one of the oldest contests in the game. 
While the rules have changed from 
year to year, the aim of the contest is 
still the same: to work as much DX as 
possible in a given span of time. 

In May, 1934, QSTannounced "the 
greatest DX contest ever staged!" The 
results of the 1933 contest had finally 
been tabulated and the scores were 
sky-high. NY1AB (Canal Zone), for 
example, amassed a breathtaking 
25,000 points, working as many as 16 
stations in an hour. And W3ZI topped 
the US entries with his grand total of 
33,000 points. (Today it's not unusual 
for a contestant to pile up over a mil¬ 
lion points and work stations at over 
250 contacts in a single hour). 

What equipment were hams using 
in those long-gone days? The 1933 
Sweepstakes provides a clue. Over 64 
percent of the hams who submitted 
sweepstakes scores were running less 
than 50 watts and over 85 percent of 
the entries ran less than 400 watts. An 
amazing 15 percent of the contestants 
ran less than 20 watts. 

In passing, QST noted that many 
high-speed CW operators were run¬ 
ning at 25 to 30 WPM in the contest 
and that, in general, code speed on the 
DX bands was gradually increasing, 
year by year. Of course, there were 
only about 10 percent as many hams 
licensed in 1933-34 as there are today! 

Finally it should be noted that dur¬ 
ing the 1930's, most ham gear — 


receiving as well as transmitting equip¬ 
ment — was home-made. Very few 
items of commercial manufacture were 
available, and the money to buy it was 
absent, for these were the years of the 
Great Depression. 

Now I see the wheel has turned full 
circle. The Canadian Department of 
Commerce is proposing that it will 
require Canadian Amateurs to possess 
a special, advanced-type license if they 
want to put home-made equipment on 
the airl 

Doesn't that seem to be placing a 
roadblock in the path of experimenters 
who want to build equipment? Experi¬ 
menters should be encouraged, not 
harassed with the problem of getting 
a special license to do what should 
come naturally! 

is your line voltage 
really 117 volts ac? 

Have you ever checked your line 
voltage with a good RMS responding 
meter of known accuracy? You may be 
surprised if you do. In my case, the 
voltage varies over a small range from 
minute to minute and takes interesting 
swoops and dives during the day. 
Most of the time it runs about 123 
volts, but it has dropped as low as 115 
volts. Using a borrowed memory 
'scope, it was found that short dura¬ 
tion "spikes" of over 1000 volts could 
be observed. These were probably due 
to the collapsing electric field of induc¬ 
tive devices on the line at various 
points. The oil burner motor in my 
house, in particular, puts a nasty high- 
voltage spike on the power line. 


Ham gear and computers can be 
protected from most primary line tran¬ 
sients by virtue of inexpensive, easily 
available surge suppressors. These 
devices will protect our equipment 
from low-energy power line "spikes,” 
which are the most common. More 
robust, industrial surge suppressors 
are required if you're served by a 
power line that also serves industrial 
users. 
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But what about transients and cur¬ 
rent surges generated within your own 
equipment? A surge suppressor on the 
power line won't help in such cases. 

surge protection 

It's important to incorporate surge 
protection in a transmitter power sup¬ 
ply to make sure that components are 
not destructively overloaded during the 
operating cycle. Diode rectifiers and 
transmitting tubes are particularly vul¬ 
nerable in this respect. 

In the case of the diode rectifier, 
each time the power supply is turned 
on, the rectifier "sees" a low resis¬ 
tance short until the filter capacitor is 
nearly charged (fig. 1). The surge cur¬ 
rent through the diode to the capaci¬ 
tor can be several hundred amperes for 
a fraction of a second. In some designs 
a resistor in series with the rectifier is 
used to limit diode inrush current. The 
resistor, however, tends to degrade 
power supply voltage regulation since 
the operating current must flow 
through the resistor. 

A more effective means of limiting 
power supply inrush current is to 
employ a step-start circuit (fig. 2), 
which applies low primary voltage to 
the supply until the filter capacitor is 
charged. This delay time is, typically, 
about one second in most cases. Once 
the capacitor is charged, full primary 
voltage can then be applied. 

Various forms of inrush-limiting cir¬ 
cuits are shown in fig. 3. Circuit A 
employs a variable autotransformer. 
The operator turns the transformer 
control and gradually advances the pri¬ 
mary voltage as desired. 

Circuit B employs a series-con¬ 
nected voltage dropping resistor (R) in 
the primary circuit, which is shorted 
out by a time-delay relay. There are 
various forms of time-delay circuits 
that should be of interest to the equip¬ 
ment builder. 

time delay relay 

A simple delay circuit is shown in 
fig. 4A. A 120-volt AC relay is con¬ 
nected so that it shorts out the series 
dropping resistor, R. The initial inrush 
current causes a voltage drop across 


the resistor and the relay will not close 
until the inrush current has decreased 
to a nominal value and the voltage 
across the relay coil is close to normal. 


This circuit is quite effective, but the 
AC relay tends to "chatter" during the 
delay period. 

The circuit in fig. 4B employs a 



fig. 3IA). Variable autotransformer T1 permits operator to advance primary voltage 
slowly, thus reducing capacitor inrush current; IB) series-connected time delay relay 
shorts out surge resistor R after a few seconds. 



fig. 4(A), AC relay shorts out series dropping resistor R when voltage across relay coil 
rises close to normal; fig. 4(B). RC circuit provides adjustable time delay for relay R v ; 
fig. 4(C), 12 volt relay used in RC time delay circuit. 
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fig. 6. Progressively shorting switch provides step-start function. 


24-volt DC operated relay with an RC 
time delay circuit. The line voltage is 
rectified and applied to the relay 
through a series resistor and a shunt 
capacitor. Besides acting as part of the 
time delay circuit, the capacitor also 
provides filtering and smoothing for 
the rectified AC provided by the diode. 

The formula for the delay period is 
given in fig. 4. As an example, assume 
that the DC resistance of the relay coil 
(R c ) is 500 ohms and the series resis¬ 
tor (R s ) is 1500 ohms. The capacitor 
<C) has a value of 1000pF. The time de¬ 
lay, then, is about 0.375 seconds. 
The voltage across the relay coil, 
determined by Ohm's Law, is about 29 
volts, well within the voltage tolerance 
of the coil. 

The value of the coil voltage, series 
resistor and shunt capacitor can be 
“juggled" to provide any reasonable 
value of time delay. In most instances, 
12 or 24 volt DC coils are used in Ama¬ 
teur work. The 24 volt relays are more 
attractive since many varieties of this 
type can be picked up as military sur¬ 
plus for a fraction of their original cost. 

If desired, a 12 volt DC relay may be 
used, as shown in fig. 4C. The time 
delay for this circuit is about a half- 
second. It may be increased by 
increasing the size of the capacitor. 

The thermostatic time delay relay 
consists of relay contacts mounted on 
a bimetallic strip which is actuated by 
a heater (fig. 5). The time delay is a 
function of temperature, which is con¬ 
trolled by the heater element. The 
Amperite thermostatic relay product 
line provides fixed time delays ranging 
from 2 to 180 seconds. Although the 
delay period can be increased by plac¬ 
ing a resistor in series with the heat¬ 
ing coil circuit, delays greater than 180 
seconds cannot be produced. The 
relays resemble a receiving tube and 
come in 6, octal- and miniature-base 
designs. Although nominally 117 volts, 
the relays can be operated on 234 volts 
by the addition of a resistor in series 
with the heating coil. 

Another form of time delay relay 
consists of a DC relay controlled by a 
small printed circuit timer built into the 
relay case. The Potter and Brumfield 


type CU relay is an example of this 
technique. Members of the CU family 
of relays have an adjustable time delay 
period. 

Compared to the thermostatic relay, 
the solid-state controlled relay offers 
the advantage of being able to be recy¬ 
cled immediately, while the former 
requires a short time interval for the 
thermostatic strip to cool and release 
the closed contacts. On the other 
hand, the thermostatic relay will 
remain closed during a short power 
outage, whereas the solid-state con¬ 
trolled relay will quickly drop open. 
Each relay type has its own special 
advantages and disadvantages, 
depending upon circuit requirements. 

Of course, the easiest way to incor¬ 
porate a surge-limiting circuit is merely 
to place a single-pole switch across the 
limiting resistor and forget about relay 
circuits. A progressively shorting 
switch (fig. 6) in which the positions 
are “off,'' "limit," and "on," can also 


be used. You can control your own 
time delay with these simple circuits. 

filament inrush current 

The time delay circuit can play an 
important role with regard to transmit¬ 
ting tubes. The tungsten filament, or 
heater, of a power tube has an inverse 
relationship between operating tem¬ 
perature and resistance. That is, the 
"cold" resistance is about one-tenth 
the value of the "hot" resistance. 
Thus, when the power tube is turned 
on, the filament inrush current can be 
as high as ten times the normal fila¬ 
ment current. 

In very large power tubes (500 kW, 
for example), it’s often necessary to 
bring up the filament voltage with a 
motor-controlled variable voltage 
transformer over a period of minutes 
to prevent distortion of the filament 
due to very heavy inrush current. In 
the case of the lower power tubes 
used in Amateur service, the problem 
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is not as severe and the restriction of 
inrush current is less complex. 

In many Amateur amplifiers, the fila¬ 
ment inrush current is limited by care¬ 
fully controlling the size and capacity 
of the filament transformer. In other 
words, the regulation of the filament 
transformer is such that the filament 
voltage "sags" under heavy filament 
current inrush conditions. This is eas¬ 
ily accomplished in some cases by 
designing the filament transformer so 
that it's just big enough to do the job, 
but doesn't have extra power capac¬ 
ity over the amount demanded by the 
tubes. 

In any case, filament inrush current 
can be limited by a time delay circuit 
that retards application of full filament 
voltage for about 3 seconds. This pro¬ 
vides enough time for the filament to 
warm up and increase in resistance. 


Any of the delay circuits discussed 
previously will do the job. The series 
resistor value is adjusted so that about 
30 percent of the rated filament volt¬ 
age is applied to the tube during the 
delay period. 

cathode warmup time 

Indirectly heated cathode-type 
power tubes (such as the 8877 and the 
4CX1000A) require a cathode warmup 
period before the tube is placed in 
operation. The warmup time required 
is specified by the manufacturer and 
depends upon cathode wattage and 
the physical mass of the cathode struc¬ 
ture. The purpose of the warmup 
period is to ensure that the total cath¬ 
ode area has reached operating tem¬ 
perature and that there is no tempera¬ 
ture differential across the structure. 
Failure to observe the warmup period 


can result in damage or destruction of 
the cathode emitting surface. Many 
Amateurs resent the "intolerable" time 
required for cathode warmup and 
some are tempted to cheat and start 
operation before the required warmup 
time has passed. Don't do it! You can't 
fool Mother Nature, so let the cathode 
structure reach proper operating tem¬ 
perature before you start calling that 
exotic DX station. 

144 MHz EME directory 

The 2-meter "moonbounce" direc¬ 
tory of Amateurs participating in this 
exciting communication mode has 
been reprinted. For your copy, please 
send five first-class postage stamps or 
five IRCs to me at: Varian EIMAC, 301 
Industrial Way, San Carlos, California 
94070. 
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active antenna preamplifiers 


Noiseless feedback 
and filter techniques 
improve strong signal 
handling capability 

A recent review of commercial active receiving 
antennas confirmed my observation that virtually all 
wideband active antennas are prone to overload and 
intermodulation distortion in the presence of strong 
signals. Of eleven different consumer-grade antennas 
reviewed, all had the same problem. 

It's difficult to imagine a high impedance input cir¬ 
cuit with unity voltage gain that won't show some dis¬ 
tortion when signal levels of 30 volts per meter are 
experienced from the local AM broadcast band. Ama¬ 
teur, or neighboring CB transmitters, particularly when 
there is no input filtering prior to amplification for the 
wideband case. Some improvement over present cir¬ 
cuits can be obtained, however, by using active feed¬ 
back traps for selected interference frequencies and 
higher power linear amplifiers for the active element. 
One goal is to achieve good performance from 10 kHz 
to 200 kHz where many of the present commercial 
active antennas fail to perform very well. The VLF 
region 10-14 kHz covering the worldwide long range 
Omega and Alpha navigation systems, 60 kHz WWVB 
and GBR time signals, and the 100 kHz LORAN-C 
navigation system are of interest to many Amateurs 
and longwave radio observers. These signals can pro¬ 
vide very stable frequency standard references, solar 
activity indicators, and long range propagation data. 
The recent increased activity in the 160 to 190 kHz, 
or 1750 meter band, where 1 watt input to a 50-foot 
(15 meter) high antenna is allowed without license, and 
the use of this region for emergency government com¬ 
munications are of interest. 


MOSFETs 

Some practical details of small MOS-power FETs 
have been investigated with a view to application as 
sensitive E-field antenna preamplifiers. These are par¬ 
ticularly useful at the VLF-LF region, where a short 
1-meter whip can be made to perform as well as a 
much longer wire antenna. A short antenna such as 
a 1-meter length whip can be considered as a voltage 
source with a high internal impedance when coupled 
to a preamp input terminal. The effective source Z is 
equal to Xqa< where Ca is the antenna whip capaci¬ 
tance. A 1-meter whip will typically have a capacitance 
of 12 pF. This implies a very high input impedance 
preamplifier is needed, particularly at VLF-LF, where 
the concept is most useful. These systems are most 
often operated as impedance converters or voltage fol¬ 
lowers with nearly unity voltage gain. They have very 
high power gain in converting a signal at the high-Z 
source to a similar amplitude, only now at a 50- to 
75-ohm receiver load. 

JFET preamplifiers are most often found in 
consumer-grade active antenna systems where the 
input impedance is very high and especially where the 
input capacitance of the preamp system in parallel with 
the antenna is intended to be quite low. Capacitance 
at the input antenna mount and circuit will reduce the 
overall system gain by the resulting voltage division 
between the antenna and the fixed circuit input capac¬ 
itance C//v- Figure 1 shows a test circuit that illus¬ 
trates a way of evaluating the performance of a typi¬ 
cal preamplifier using these parameters. 

One of the common problems with all wideband 
active antenna systems is that of intermodulation dis¬ 
tortion (IMD) caused by the inherent non-linearity of 
the preamplifier and the fact that little input filtering 
can be applied and still achieve a very wide bandwidth. 
Another problem is JFET burnout due to the relatively 
fragile character of the input gate structure. With these 

By R.W. Burhans, 161 Grosvenor Street, 
Athens, Ohio 45701. 


May 1986 G3 47 



fig. 1. Test circuit. 


facts in mind, MOS power FETs have been inves¬ 
tigated as possible antenna preamplifiers. At first 
glance, the much higher input capacitance might 
appear to be a disadvantage, but more linear operat¬ 
ing characteristics in the triode region, and much less 
tendency for gate punch-through or burnout, are of 
interest. 

inductive feedback 

A circuit that can reduce the input capacitance and 
improve the linearity for MOSFETs involves a "noise¬ 
less feedback" method. In this method, a portion of 
the drain signal is fed back either to the source or gate 
input via inductive transformer methods. Here the sig¬ 
nal is fed back from drain to source with 180-degree 
phase reversal. The source winding feedback turns 
ratio determines the final output voltage gain. An 
experimental circuit is illustrated in fig. 2, where a trifi- 
lar wound toroid serves both as an output impedance 
matching transformer and feedback winding. As a 
practical matter, the greater the amount of feedback, 
the better the performance up to the point at which 
the overall circuit gain is reduced too much. With 
VN10KM or VN2222L VMOSFETs, the voltage gain 
is reduced to about -2 dB, with the FET input capac¬ 
itance reduced to practical levels comparable to those 
of JFETs such as the J-310. Table 1 illustrates the 
effects of changing the feedback winding turns ratio 
with respect to the output windings. The choice of 
a 1:1:1 ratio transformer gave the best performance 
in terms of minimum capacitance, gain compression 
level, and third order intercept as measured over the 
VLF-MF range from 10 kHz to 3 MHz. The 1:1 turns 
ratio part of the transformer used as the output pro¬ 
vides a good match to the drain circuit of the VN2222L 
for a 50- to 75-ohm load at the receiver coupler. This 
circuit was designed originally for a maximum output 
level of IV RMS or 20 mW at a 50-ohm level and actu¬ 
ally achieved a performance of 50 mW or + 17 dBm 
at the 1 dB gain compression level. Figure 3 illustrates 
the IMD performance characteristics. This is as good 
or better than the performance of most presently avail- 





THIRD ORDER INTERCEPT 



INPUT (dBm) 

fig. 3. Wideband preamp performance. 


able consumer-grade active antenna systems intended 
for wideband service. 

Figu re 4 illustrates the overall gain and phase shift 
for the circuit of fig. 2. The phase shift starting at 3 
to 3.5 MHz is due to the combined effects of the length 
of cable connecting the coupler to the preamplifier and 
the output transformer resonance, where the core 
material tends to have less of an effect at HF. If the 
preamplifier is not well matched to the coupler or has 
excessive voltage gain, problems with spurious oscil¬ 
lations are sometimes noted with remote operated 
active antenna systems, where the total phase shift 
is a multiple of 2ir. The very linear phase change from 
10 kHz to 3 MHz for this example is useful in direction¬ 
finding applications where the signal from an E-field 
active antenna is combined with an H-field loop sig¬ 
nal for a resulting cardioid directional pattern. 
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table 1. Feedback winding ratio effect on amplifier 

performance. 

Feedback winding 

Preamp 

Input 

E Field 

ratio 

voltage gain 

capacitance 

attenuation 

(source) 


(C ) 

(E ) 

0 

+ 18dB 

80pF 

- 

(source ground) 

0.2 

+ 10dB 

70pF 

— 

0.4 

+ 3dB 

40pF 

- 16dB 

1 

- 2dB 

26pF 

- 18dB 


sensitivity 

An estimate of the antenna's sensitivity is obtained 
from the E-field attenuation factor noted in table 1. 
This is: 

E s (dB) = 20 log 10 e °fJ. ' 

where the factor 1/2 arises because of a given /rV/m 
field gradient from top to bottom of a 1-meter whip. 
The potential developed at the preamp input terminal 
will be the average of the top-to-bottom field gradient. 
Thus the actual E-field intensity for a 1 -meter whip may 
be estimated at the preamplifier output with a suita¬ 
ble calibrated receiver by applying this attenuation to 
the resulting signal level measured. However, such 
experiments are best conducted in a reasonably open 
area where the antenna is not obstructed by trees or 
nearby structures. The ultimate sensitivity of a short 
whip antenna such as this will depend on where it's 
placed with respect to the actual E-field in free space. 
These sensitivity numbers may appear somewhat low 
at the HF range compared to the antenna length, but 
at the VLF-LF receiving range, where large antennas 
are difficult or impractical to construct, this active 
antenna is very effective. 

active notch 

For severe cases of local interference due to medium 
wave broadcast band AM signals, an inductive feed¬ 
back input trap or notch is very useful. A circuit is illus¬ 
trated in fig. 5, which shows a tunable transformer 
that provides the input inductor with a feedback wind¬ 
ing. Without feedback or with the output source wind¬ 
ing transformer grounded, high impedance input traps 
like this have a very annoying peaking effect. This 
results from the fact that the input source impedance 
varies inversely with frequency, producing both 
resonances for these high-Z input systems. Feedback 
from the source winding to the series trap small coup¬ 
ling winding eliminates the peaking effect. Old timers 
may recall a related circuit with a small feedback wind¬ 
ing used to neutralize tuned-grid, tuned-plate, single 
vacuum tube triode power amplifiers. The feedback 



turns ratio for the trap is very small and not critical. 
That is, a turns ratio of 1:10 to 1:25 will largely elimi¬ 
nate the peaking effect of a high-Z input trap. In 
choosing trap inductances, the parallel capacitor 
across the main series inductor (47 pF for the exam¬ 
ple of fig. 5) acts like an additional series capacitor 
at frequencies well above the notch frequency. Thus 
a trap of this type will always have some attenuation 
above the resonant notch frequency compared to the 
passband below the notch. For a lowpass effect, the 
inductor is chosen so as to be nearly self resonant and 
with highest possible Q, with minimum parallel capac¬ 
itance. In the practical case, most all of these relatively 
high impedance inductors will have some distributed 
capacitance, which always results in some signal 
response above the trap frequency. 

In very troublesome cases, several traps connected 
in series can be effective in providing a rejection filter 
for much of the AM broadcast band. Figure 6 illus¬ 
trates a short whip antenna system for the San Jose, 
California, area, where there are interference sources 
on frequencies 1170, 1370, 1430, 1500 and 1590 kHz. 
In this example the output transformer is an iron core 
unit normally used at audio frequencies, but which will 
also operate with a gradual rolloff through the 1 MHz 
region. The source feedback winding to the input 
series traps has a lower turns ratio than the examples 
shown in figs. 2 and 5, but still provides quite satis¬ 
factory gain and response for operation in the VLF- 
LF band. 

Dual traps can also be effective for the wideband 
case, where the input trap is tuned to some frequency 
in the 1 MHz AM broadcast range and the second trap 
is self-resonant at a cutoff range such as 35 MHz. For 
this example, the output transformer should be a wide¬ 
band toroid with a 0.5:1:1 or 1:1:1 turns ratio. In this 
case, the input trap should have a low reactance at 
1 MHz, with a resonating capacitor of 100 pF or more 
so that the response in the passband above 1 MHz is 
down only -3 dB or so. In most cases with two or 
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fig. 5. Noiseless feedback and input interference trap. 
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fig. 6. Power MOSFET active VLF-LF antenna with feedback traps. 


more traps, the input resonator should be tuned to the 
lowest notch frequency with the second and succeed¬ 
ing traps tuned to the higher frequencies. 

other applications 

Another example of the utility of the noiseless feed¬ 
back method is a broadband low impedance amplifier 
fabricated from off-the-shelf components covering the 
10 kHz to 1 MHz region. The Mouser TL004 iron core 
transformers are used for both input and output coup¬ 
ling by rearranging the windings to approximate the 
turns ratios required for operation. A true noiseless 
feedback amplifier might use an alternate input trans¬ 
former toroid wound as in the example of fig. 7. How¬ 
ever, the TL004 iron core transformer can serve as a 
reasonable substitute with somewhat less power gain 
because of reduced turns ratios for the feedback and 
coupling. A proposed application of this circuit might 
be for a VLF-LF ferrite core loop antenna where the 
loop windings (N2-N3 only) substitute for the input 
transformer. 

MOSFET selection 

Several different power MOSFETs including the 


VN10KM, IRFDZ13, BS170, 2N7000, and VN2222L 
have been evaluated for these applications. One prob¬ 
lem, however, is that they require different gate bias 
voltages that vary from +2 to +4 volts. The 1 
megohm — 2.7 megohm voltage divider may require 
changing for optimum linear operation. Thus the 
2N7000 series operates better with a 1 megohm — 1.5 
megohm divider, producing a bias of about +3V. We 
have also noted that different batches of the same 
transistor type may have a different optimum gate 
bias. These power MOSFETs are designed primarily 
for switching service applications, but they are also 
generally more linear in the triode region than many 
zero-gate bias JFETs. The power MOSFET field has 
changed so rapidly over the last five years that 3rd 
generation types are now being introduced with still 
different properties. Linear circuit applications of this 
type are not often found in the manufacturers' litera¬ 
ture because of the present emphasis on digital appli¬ 
cations. 

inductors 

Input inductors and TL004 output transformers are 
available from Mouser Electronics, 1143 Woodside 
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fig. 7. VHF-LF utility amplifier with noiseless feedback input method. 


table 2. Series filter resonance of readily available inductors. 


Mouser 

Nominal 

Self-Resonant 

Resonance with 

Inductor 

Part No. 

Inductance 

Frequency 

lOpF added 

distributed 


(mH) 

(kHz) 

(kHz) 

capacitance 

43LJ368 

68 

174 

134 

12pF 

43LH333 

33 

335 

221 

6.8pF 

1120-104k 

10 

588 

388 

7.3pF 

43LH268 

6,8 

845 

516 

5.2pF 

1120 393k 

3.9 

885 

614 

8.2pF 

1120-223k 

2.2 

1460 

900 

5.5pF 

43LH215 

1.5 

1510 

1007 

7.3pF 

421 FI 04 

900/iH 

2370 

1334 

5.0pF 


Avenue, Santee, California 92071. The 43LHXXX 
series inductors are encapsulated types with values 
ranging from 1 mH to 33 mH. The input transformer 
42IF300 is a variable cup-core type with an inductance 
range of about 250 to 600/tH and a turns ratio of 12:1. 
The 421 FI04 has an inductive range of 500 to 1000 
piH and a turns ratio of 22:1. These IF transformers 
are normally used in AM broadcast band radios but 
provide very satisfactory traps with the circuits illus¬ 
trated. For the lower frequencies — below about 800 
kHz and where a maximum lowpass effect is desired 
— as well as the tuned trap frequency, the LH series 
inductors are wound with a small coupling coil as illus¬ 
trated in fig. 8. The polarity of the coupling is impor¬ 
tant. The circuits will oscillate with the wrong polar¬ 
ity of the feedback coupling of this neutralizing 
winding. If other inductors or transformers are sub¬ 
stituted, a bench check for proper operation should 
be conducted using the input test circuit of fig. 1. 

Table 2, lists the results of a series of measurements 
of these inductors used to select values suitable for 


traps in the AM broadcast band and part of the LF 
beacon band. For the best lowpass effect, the total 
tuning capacitance across the inductor should be kept 
to a minimum. The table illustrates the resonant fre¬ 
quencies with the coil only and with an additional 10 
pF tuning capacitance. For the best lowpass effect 
with minimum response above the trap frequency, 
make the trap tuning capacitance equal to or less than 
the input antenna capacitance. Conversely, for the 
best bandpass effect, the trap tuning capacitance 
should be four to ten times larger than the input 
antenna capacitance so that the attenuation above the 
trap frequency is minimized. 

future developments 

Other experiments indicate that the feedback tech¬ 
nique can be used with shunt as well as series induc¬ 
tors to eliminate the undesired peaking effect for high- 
pass filters or traps. For future high impedance filter 
designs with multiple inductors, analytical methods 
similar to elliptic filters might be possible using these 
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feedback neutralizing methods of each inductor in the 
circuit. Perhaps a new class of high input impedance 
filters could be developed in which the input source 
impedance would vary inversely with frequency and 
an active feedback technique would be used to neu¬ 
tralize the undesired responses. 

In pursuit of these ideas, the experimenter should 
keep in mind that all inductors have distributed capac¬ 
itance which then becomes a much more critical cir¬ 
cuit parameter. For highpass shunt filters, the active 
feedback polarity is reversed from the series and low- 
pass filters, for peaking effect reduction. Another 
important consideration is the filter layout where 
mutual coupling between two or more adjacent induc¬ 
tors can enhance or deteriorate a given filter perfor¬ 
mance. Close shielding of the small encapsulated type 
of inductors usually increases the self resonant fre¬ 
quency and decreases the Q because of the shorted- 


turns effect on the outer windings of the inductor. 
Combinations of feedback neutralized inductors or 
traps with un-neutralized resonators results in addi¬ 
tional variety of bandpass or bandreject filters for use 
directly at the input from a high impedance source or 
antenna system. 

circuit boards 

For a list of experimental circuit boards and related 
products for these preamplifier systems, send an 
SASE to Burhans Electronics, 161 Grosvenor St. 
Athens, Ohio 45701 
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the W2PV 80-meter quad 


Design notes 
for a 2-element 
parasitic delta loop 

I've been searching for a way to improve my 
80 meter antenna system for several years. Along the 
way I acquired (from Fred Lass, K2TR1 the switching 
system for the late Jim Lawson's two-element delta 
loop array. Fred also sent me a copy of Jim's engineer¬ 
ing notes, which describe the evolution of his design 
over the summer of 1978. Although these notes do 
not define all of the antenna design parameters — par¬ 
ticularly loop circumference and spacing — I've been 
able to put together a fairly complete picture of Jim's 
antenna system. 

system description 

"Quad" is a convenient misnomer; the antenna sys¬ 
tem is actually a two-element parasitic array. Each ele¬ 
ment is a nearly one-wavelength equilateral triangu¬ 
lar loop, with one vertex (the feedpoint) at the top. 



fig. 1. Performance versus relative frequency. 


The loops are identical to permit convenient direction 
switching. The parasitic element is "tuned" to look 
like a reflector by shunting the feedpoint with an induc¬ 
tance. This arrangement provides very good gain, 
broad unidirectional main lobe, and moderate front- 
to-back (F/B) ratio, with reasonable bandwidth. Per¬ 
formance is not too sensitive to spacing and height, 
so the operating frequency can be moved from the 
phone band to the CW band by adding inductance in 
series with the loops. The array radiation resistance 
is quite high (near 100 ohms) so that losses in air- 
wound coils are negligible. 

There are two principal parameters to be specified 
for the two-element array: the loop perimeter and the 
parasitic tuning inductance. W2PV selected values for 
these parameters through a combination of experi¬ 
mentation and computer analysis. His gpal was to 
produce a resonant antenna system at the central 
operating frequency, with a peak in the F/B ratio 
versus frequency curve also at the central operating 
frequency. As nearly as I can infer from the notes, the 
loop perimeter was 254 feet (77 meters) and the reflec¬ 
tor inductor was 4 microhenries. These parameters 
apply specifically to loops with apex at 152 feet (46 
meters), spaced 40 feet (12 meters) apart. 

gain and radiation pattern 

I've modeled this antenna using the MININEC pro¬ 
gram. Figure 1 shows the integrated gain versus fre¬ 
quency for fair ground. "Integrated gain" is the aver¬ 
age value of the gain over all angles from zenith to 
horizon in the vertical plane containing the boom. 
"Integrated F/B" is the ratio of the integrated back¬ 
ward gain to the integrated forward gain. I believe this 
provides a more useful representation of antenna per¬ 
formance on 80 meters, where the wave angles of 
interest span a very large range. Note that the direc- 

By Bill Myers, K1GQ, Box 501, Hollis, New 
Hampshire 03049 
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fig. 3. E-plane radiation pattern. 



tion of maximum gain reverses about 125 kHz below 
the central operating frequency, where the reflector 
begins to act as a director. (MININEC seems to pro¬ 
duce reasonable radiation pattern predictions for 
loops, but centered at obviously wrong frequencies, 
so I left the center frequency undefined in fig. 1. Also, 
the MININEC predictions of input impedance are unre¬ 
liable, but that's another story.) 

The maximum peak gain is 11.2 dBi, 50 kHz below 
the center frequency. The peak gain at the center fre¬ 
quency is 10.8 dBi at an elevation angle of 30 degrees. 


These gains compare well with a rough estimate of 
potential gain: 3 dBi loop gain + 4 dB array gain + 
6 dB ground reflection gain = 13 dBi. 

Figures 2 and 3 show the H-plane and E-plane radi¬ 
ation patterns at the center frequency. Note that you 
could claim a very large F/B ratio by selecting 40 
degrees and 140 degrees as the forward and backward 
elevation angles. The fat H-plane forward lobe pro¬ 
vides good coverage of DX path wave angles, but less 
satisfactory coverage for the very high-angle (close- 
in) paths. The broad azimuth pattern is important 
because the antenna system is difficult to rotate. 

matching system 

The input resistance of the driven loop, at the cen¬ 
tral operating frequency, is about 100 ohms. Initially, 
Jim used a multi-impedance tapped balun to match 
this to a 50-ohm transmission line. After exhaustive 
tests, he concluded that this balun was not suitable 
and changed to the matching system shown in fig. 
4. The half-wave balun at the feedpoint converts the 
100-ohm input resistance to 25 ohms. The series- 
section transformer then converts 25 ohms to 50 
ohms. All of these transformer sections are made of 
RG-8 (or RG-213) coax and are cut for 3.65 MHz. 
W2PV calculated the effect of the error in transform¬ 
er lengths when operated at 3.5 and 3.8 MHz and 
decided that the consequent mismatch was unimpor¬ 
tant. These length errors do not affect the array per- 



FREQUt-NCY (MHi) 

fig. 5. Measured standing wave ratio. 
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formance, since the transformers are not part of a 
phasing system. The SWR data measured by W2PV 
is plotted in fig. 5; note the excellent bandwidth 
between the 2:1 points. 

The central operating frequency is shifted down to 
3.5 MHz by adding inductive reactance to both loops. 
Since the direction switching requires a relay box at 
each loop feedpoint, it’s convenient to include the 
mode-switching relay in the same box (fig. 6). The 
complete antenna system has three relay boxes; the 
central box is simply a single-pole, double-throw 
switch that connects the main feedline to one or the 
other of the two loops. W2PV arranged his relay con¬ 
trols so that the default (i.e., no power) condition was 
NE/phone (with the boom running NE/SW). 

closing remarks 

This summer I plan to install a version of this 
antenna at 115 feet (35 meters) on a new tower. In 
addition to W2PV's parasitic arrangement, I plan to 
provide for feeding both loops out of phase, which 
yields a bidirectional pattern. The advantages of this 
feed are overall simplicity and small high-angle lobes. 
The disadvantages are somewhat lower gain and lower 
input resistance. If I don't knock the tower over as I 
cut down trees, I'll let you know how it works. 

ham radio 
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the colagi™* antenna 


Improve gain, pattern 
by combining collinear 
and Yagi designs 

One of the most important parts of a communica¬ 
tions system is the antenna. Additional gain in an 
antenna will improve both transmit and receive capa¬ 
bility. Combining the gain available from a collinear 
with the gain of a Yagi yields a high-gain antenna with 
only short boom requirements. 

Omni vertical collinear antennas used by FM 
repeaters achieve gain by vertically stacking in-phase 
dipoles (E-plane stack). Yagi antennas achieve gain in 
both E and H planes through the use of resonant para¬ 
sitic elements. For Yagis with booms less than one 
wavelength long, almost all the gain is achieved in the 
H-plane. Figure 1 shows the rate of gain improvement 
for both E and H plane of Yagi antennas with up to 
20 dBi directive gain. As can be seen, a 3 dB improve¬ 
ment in the E-plane is not achieved until a total Yagi 
gain of approximately 16 dBi is reached. 

A dipole has 2.15 dB gain over an isotropic source. 
All this gain is in the E plane; the H-plane is still omni, 
or 360 degrees. 

A three-element Yagi's -3 dB E-plane beamwidth 
is approximately 65 degrees, and its -3 dB H-plane 
beamwidth is approximately 90 degrees. 

Gain improvement in the E-plane is: 

10 LOG { 78 ° <d,pole 65 J dB BW > | = + 0.79 dBd 
Gain improvement in the H-plane is: 

10 LOG { 360 ^’ mnil } = +6.0 dBd 

Total Yagi gain is: 6.79 dBd (E and H plane gain). 


If the collinear method of achieving gain in the E- 
plane could be combined with the Yagi's method of 
achieving gain in the H-plane, then the results would 
be rewarding. The broadside collinear "bedsprings" 
antenna shown in fig. 2 does just this. The driven ele¬ 
ment is a pair of half-wave resonant dipoles (fed on 
the ends for high impedance) spaced a half wave apart 
(center to center) to achieve 2.4 dBd gain. This type 
of antenna achieves most of its gain in the H-plane 
by stacking. For those stations active on several bands 
and using horizontal polarization, the broadside col¬ 
linear antenna takes up valuable mast space which 
may limit the size and number of antennas used on 
the other bands. A collinear radiator plus a Yagi-type 
parasitic antenna system seems a logical solution — 
thus, a collinear Yagi, or "Colagi." 

Figure 3 shows the feed for a three-wide Colagi. 
Each of the three half-wave dipoles is in phase since 
the delay through the phasing network is a half-wave 
(180 degrees). The 0.83X o dipole-to-dipole center is 
determined by the phasing sections. This section is 
a coaxial line which is dielectrically loaded with poly¬ 
ethylene. Its 180 degree electrical length is: 

\ Q 

0.659 • -j = 0.33\o 
x 

physically, so the outer conductor is basically .non¬ 
resonant at the design frequency. 

If teflon dielectric were used, the physical .length 
would be: 

X 0 

0.695 • 2 = 0.35\„ 

If air-spaced polyethylene were used, the physical 
length would be: 

X„ 

0.82 • 2 = 0.4!\u 

By Bob Morton, VE3BFM, P.O. Box 481, Gorm- 
ley, Ontario, Canada 10H 1G0 


* "Colagi" is a registered trademark of Sinclair Radio Laboratories. 
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This length is now approaching resonance; out-of- 
phase radiation will occur, causing pattern distortion 
and reduced gain. 

If the basic collinear feed (fig. 3) is now backed up 
by three separate reflectors and three equal sets of 
directors, a high gain antenna will be produced. 

Figure 4 shows a basic seven-element Yagi using 
a conventional half-wave dipole feed system. E and 
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nent Yagi. 



270 * 

fig. 5. Seven-element Yagi -3 dB beamwidths 
A) E-plane - 42 degrees. 

B! H-plane — 46 degrees. 


H patterns for this Yagi are shown in fig. 5. E-plane 
- 3 dB beamwidth is 42 degrees and H-plane - 3 dB 
beamwidth is 46 degrees. Gain is: 


10 LOG 


32,000 
42 • 46 


- 2.15 = 10.04 dlid 


If this Yagi is made into a Colagi (fig. 6), the H-plane 
-3 dB beamwidth remains the same at 46 degrees. 
However, the E-plane -3 dB beamwidth now be¬ 
comes 20 degrees. Gain now is 


10 LOG 


32,000 

20 - 46 


13.26 dBd 


stacking separate Yagis does not yield 
same improvements 

The same pattern could have been achieved by 
stacking three separate Yagis at 0.83\ o apart in the 
E-plane. The disadvantage of stacking is loss in the 
coax and loss in the impedance matching section for 
the three antennas. The Colagi eliminates these par¬ 
ticular losses. A gain improvement of 3.3 dB has been 
achieved and only a single feedpoint and signal boom 
have been used. 

Figure 7 shows the array factor curve’ for three 
antennas stacked at 0.83X o , The array factor in this 
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case is the resultant pattern produced by three in-line 
isotropic radiators of equal amplitude and phase. If this 
pattern is overlaid on the E-pattern of the original 
seven-element Yagi, the product of the two patterns 
will yield the resultant Colagi pattern (for the seven- 
element long Yagi). 

The delay line phasing section is the limiting factor 
in determining the space between the "individual 
Yagis" of the Colagi. 




On long-boom Yagis, the E and H patterns are 
approximately equal. As gain increases, the beam- 
widths decrease. In order to realize stacking gains, the 
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fig. 10. Phase error and power distribution affect on pattern: A) OdB power taper and 0°, 0°, 0°, phasing, B) OdB power 
taper and 30”, 0°, 30°, phasing. Cl 3dB power taper and 0”, 0”, 0”, phasing. Dl 3dB power taper and 30°, O”. 30°, phasing. 


spacing betwen Yagis must also increase. Using a 
Colagi type feed system, the spacing is fixed at 
0.83\ o ; therefore, an understacking effect occurs on 
long Yagis and all the gain available is not achieved. 

The collinear feed system can be extended to five, 
seven, nine, . . . dipoles by increasing the number of 
parasitic elements accordingly. 

Figure 8 shows the gain improvements to be 
expected for three, five, and seven-wide Colagis, 
based on knowing the -3 dB beamwidth in the E- 
plane for the single Yagi. For example, a Yagi with a 


28-degree beamwidth, made into a three-wide Colagi, 
would see a gain improvement of only 2.0 dB, while 
a Yagi with a -3 dB beamwidth of 42 degrees will 
see a gain improvement of 3.3 dB. 

unequal dipole feed reduces sidelobes 

Since some power is radiated from the center dipole 
of a Colagi feed, there is not an equal amount left to 
be radiated by the other dipoles. Figure 9 shows the 
gain to be expected from a center-fed collinear feed 
with a zero dB taper (all radiators equal in power) plus 
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the gain expected if a 2 dB power taper is used. On 
anil -element center-fed collinear, if the center dipole 
power is used as a reference, then the outermost two 
dipoles will be 10 dB down in power. That's terriblel 
Right? Well, not really. The difference in gain between 
this condition and that with all dipole powers the same 
is only 0.5 dB. A slight widening of the main beam 
occurs when a power taper exists, but a big plus is 
in the reduction of the sidelobes. A very clean radia¬ 
tion pattern is produced. For weak signal work, hav¬ 
ing very low sidelobes is a real advantage, especially 
in EME work. The sky is full of noise sources and noise 
is additive, so why take chances with high sidelobes? 
A collinear fed Yagi or the Colagi is a natural for clean 
E-patterns. 


reduced phase error pattern distortion 

What about phasing errors? Figure 10 shows the 
Colagi array factors: 

(A) 0 dB power taper and 0°, 0°, 0°, phasing. 

(B) 0 dB power taper and 30°, 0°, 30°, phasing. 

(C) 3 dB power taper and 0°, 0°, 0°, phasing. 

(D) 3 dB power taper and 30°, 0°, 30°, phasing. 

A phasing error of 30 degrees, which would be very 
bad on a conventional two-Yagi stack, has virtually 
no effect on the resulting pattern of a Colagi with a 
3 dB power taper. 

By making the Yagi into a Colagi, the E-piane pat¬ 
tern is about 20 degrees or less for any Yagi of three 
elements or more. The H-plane has not been changed. 
Conventional stacking will approximately halve this 
pattern's - 3 dB beamwidth each time the number of 
Colagis (or Yagis) is doubled. A ten element Yagi (or 
Colagi) with a 3 dB beamwidth of 38 degrees in the 
H-plane when stacked four high will have approxi¬ 
mately a 10 degree -3 dB beamwidth. Made into a 
three-wide Colagi, this array will have a gain of: 


10 LOG 


32,000 

ix • to 


- 2.15 


20.3 cl Bel 


On the 2-meter band, this gain is sufficient to hear EME 
echoes from a 500-watt transmitter. 

A ''first-level'' Colagi (three-wide) on 2 meters is 
almost as wide as a IO meter beam. A "first-level" 
Colagi on 70 cm is about 60 inches wide. 

Expanding to a "second-level" Colagi (five-wide) or 
a "third-level" Colagi (seven-wide) continues to 
sharpen the E-plane pattern. For the seven-wide and 
up, the 3 dB beamwidth is basically the -3 dB 
beamwidth of the array factor. Once the Colagi is 
expanded to this level, the effect of adding directors 
does very little to the E-plane pattern. A set of reflec¬ 
tors behind each half-wave dipole is all that is required. 
However, the H-plane pattern does benefit from the 
addition of directors, as seen in fig. 1, and each builder 
must decide how many directors (and how long) to 
make the antenna. 


Optimum stacking of two three-wide Colagis in the 
E-plane is 2.5X 0 . This will give - 14 dB sidelobes if a 
seven-element long Yagi is used as the starting point. 
The - 3 dB beamwidth is approximately 10 degrees. 

Making a seven-wide Colagi will also yield a - 3dB 
beamwidth of approximately 10 degrees. On 432 MHz 
this width is 12.5 feet (3.8 meters); on 1296 MHz the 
width is just over 4 feet (1.22 meters). Mechanical con¬ 
siderations dictate just how far this type of antenna 
can be expanded. 

At antenna measuring contests, a "figure-of-merit" 
is used to determine gain density. It is simply the phys¬ 
ical dimensions of the Yagi divided into the measured 
gain of the antenna. My three-wide, seven-element 
long Colagi placed first on 1296 MHz at Dayton in 
1984. 

The groundwork for the Colagi is now complete. 
Although construction techniques will vary and final 
combinations will differ, all results should be 
rewarding. 

Extra antenna gain is always desired in weak signal 
work. The Colagi approach might be the answer. 

references 

1. John D. Kraus. Ph D.. Antutmos. McGraw Hil! Book Company Incorporated, 
1950. References, Appendix 17. 
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PRACTICALLY SPEAKING 


using the antenna 
noise bridge 

One of the most useful, inexpensive, 
and often overlooked test instruments 
is the antenna noise bridge. Over the 
years I've found it to be particularly 
useful for a variety of test and meas¬ 
urement applications, especially in the 
HF region, and those applications are 
not limited to the testing of antennas, 
which is the main job of the noise 
bridge. Several companies (Omega-T, 
Palomar Engineers, M.F.J., etc.) have 
produced versions of this instrument. 
Recently, Heath added its new Model 
HD-1422 (fig. 1) to their line-up. 

Figure 2 shows a block diagram of 
this instrument. The bridge consists of 
four arms. The inductive arms (Lib 
and Lie) form a trifilar wound trans¬ 
former over a ferrite core with LI a, so 
signal applied to LI a is injected into the 
bridge circuit. The measurement 
procedure consists of adjusting a 
200-ohm potentiometer and a 120 pF 
variable capacitor. The potentiometer 
sets the range (from 0 to 200 ohms) of 
the resistive component of measured 
impedance, while the capacitor sets 
the reactive component. Capacitor C2 
in the UNKNOWN arm of the bridge 
is used to balance the measurement 
capacitor. With C2 in the circuit, the 
bridge is balanced when C is approxi¬ 
mately in the center of its range. This 
arrangement accommodates both 
inductive and capacitive reactances, 
which appear on either side of the 
"zero" point, i.e. the mid-range capac¬ 
itance of C. When the bridge is in bal¬ 
ance, the settings of R and C reveal the 
impedance across the UNKNOWN ter¬ 
minal (e.g. your antenna). 


A reverse-biased zener diode (zeners 
normally operate in the reverse bias 
mode) produces a large amount of 
noise because of the avalanche proc¬ 
ess inherent in zener operation. While 
this noise may be a problem in many 
applications, in a noise bridge it is 
highly desirable: the richer the noise 
spectrum, the better. The spectrum is 
enhanced somewhat in the HD-1422 
because of the 1 kHz squarewave 
modulator that chops the noise signal. 
An amplifier boosts the noise signal to 
the level needed in the bridge circuit. 

The detector used in the noise 
bridge is an HF receiver. The prefera¬ 
ble receiver is an AM receiver, or at 
least an SSB receiver with a wide IF 
bandwidth. Although it's quite easy to 
use your ears to detect the noise null 
that indicates bridge balance, it's best 
to use a receiver with an S-meter. 
Thus, the best receiver to use is an AM 
HF receiver equipped with an S-meter. 
If your receiver lacks an S-meter, then 
use an old-fashioned (analog) AC volt¬ 
meter across the receiver's speaker 
output. Since antennas are not always 
convenient to AC power, you might 
also consider adding "battery 
powered" to the list of attributes 
required of the receiver. 

adjusting antennas 

Perhaps the most common use for 
antenna noise bridges is finding the 
impedance and resonant points of an 
HF antenna. Connect the RECEIVER 
terminal of the HD-1422 to the 
ANTENNA input of the HF receiver 
through a short length of coaxial cable. 
The length should be as short as pos¬ 
sible, and the characteristic impedance 
should match that of the antenna feed¬ 
line. Next, connect the coaxial feedline 
from the antenna to the ANTENNA 


terminals on the HD-1422. You're now 
ready to test the antenna. 

• finding impedance 

Set the noise bridge resistance con¬ 
trol to the antenna feedline impedance 
(usually 50 or 75 ohms for most Ama¬ 
teur antennas). Set the reactance con¬ 
trol to mid-range (zero) Next, tune the 
receiver to the expected resonant fre¬ 
quency (ffxp) of the antenna. Turn the 
noise bridge on and tune the receiver, 
looking for a noise signal of about S9 
(this will vary on different receivers, 
and if — in the unlikely event that the 
antenna is resonant on the expected 
frequency — the S-meter reading will 
be much lower). 

Adjust the Resistance control, R, on 
the bridge for a null — i.e., minimum 
noise as indicated by the S-meter. 
Next, adjust the Reactance control, C, 
for a null. Repeat the adjustments of 
the R and C controls for the deepest 
possible null, as indicated by the 
lowest noise output on the S-meter 
(there is some interaction between the 
two controls). 

A perfectly resonant antenna of 
common Amateur designs will have 
a reactance reading of zero ohms and 
usually a resistance of 20 to 120 ohms. 
(There are exceptions, e.g., a resonant 
quarter-wave vertical has a 36.5-ohm 
resistive component — Ed.) Real 
antennas may have some reactance 
and a resistance that is different from 
20 or 120 ohms. Impedance matching 
methods can be used to transform the 
actual resistive component to the 20 or 
120 ohm characteristic impedance of 
the transmission line. 

In general if the resistance reading 
is close to zero, then suspect that 
there's a short circuit on the transmis¬ 
sion line and an open circuit if the 
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Visa or MasterCard 

As an alternative, purchase a Marfir, M -13 or M -18 

aluminum towor ungtnoorod spocificnlly tor Iho 

HAZER system, or a truly soil-supporting stool 

tower. Send for Iree details 


GLEN MARTIN ENGINEERING INC. 

P.0. Box H 253 . Boonvllle, Mo. GS233 t\j 
816-882-273*1 
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MICROCOMPUTER 
REPEATER CONTROL 
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in|i«xltK;<rMi lint MICRO REPEATER CONTROLLER RPT-ZA, « new 
concept in LOW COST EASY TO INTERFACE intciocompulci 
iep«nkn cnnKfd Roplnco (A<\ kxiic txtMiis wifi .* slain <>( the an 
miciocomputiM mat adds NEW FEATURES HIGH RELIABILITY 
LOW POWER, SMALL SIZE And FULL DOCUMENTATION to youi 
system Dtrcci interface (drop in) wilh ntwi repeaters Detailed m 
ipriaco mlwmaiKxi included OngauH MICRO REPEATER CONTROt 
ariKle 'calmed m Q$T Dec 1983 


Mi*-; 


jiif.llAr COIr frtfxil 
pi Cut mill PH Ifilntl.v.r’ 

A f*rnwj* ■* IS Ak: W ?(*} ■ 
r» IV - "i *i- 
Coww.f'w. l*K;l»Kk-l 


• iv.t cw msg 

. Oh.I f.my Uwfi 

• Ai»»tLt»v IniBil*. 

RPT-2A Kit Only $129 plus S3 W shipping 

PROCESSOR CONCEPTS ^ 

P.0 BOX 32908 3p8r 

MINNEAPOLIS, MN 55432 

(612) 780-0472 7pm 10pm evenings 

.CALL OR WHITE TOR FREE CATALOG AND SPECII CATIONS. 



fig. 1. Compact antenna noise bridges 
are useful for antenna work and compo¬ 
nent value determination. 

resistance reading is close to 200 
ohms. (There are exceptions — e.g., 
a vertical longer than A/2 — Ed.) 

For quarter-wavelength verticals and 
half-wavelength dipoles near reso¬ 
nance, a reactance reading on the Xl 
side of zero indicates that the antenna 
is too long, while a reading on the Xq 
side of zero indicates an antenna is too 
short. This convention may not hold 
true for other antennas, such as a ver¬ 
tical longer than half wavelength. 

An antenna that's too long or too 
short should be adjusted to the correct 
length. To determine the correct 
length, we must find the actual reso¬ 
nant frequency, fp. To do this, reset 
the Reactance control to zero and then 
slowly tune the receiver in the proper 
direction downband for too-long 
and upband for too-short — until the 
null is found. On a high-Q antenna the 
null is easy to miss if you tune too fast. 
Don't be surprised if that null is out of 
band by quite a bit. The percentage of 


change is given by dividing the 
expected resonant frequency F^xp by 
the actual resonant frequency Mr), 
and multiply by 100: 

Change = x IOO%}/fn > 

resonant frequency 

Connect the antenna, noise bridge, 
and the receiver in the same manner 
as above. Set the receiver to the 
expected resonant frequency: i.e., 
468/f for half wavelength types and 
234/f for quarter wavelength types. 
Set the resistance control to 50 ohms 
or 75 ohms, as appropriate for the nor¬ 
mal antenna impedance and the trans¬ 
mission line impedance. Set the reac¬ 
tance control to zero. Turn the bridge 
on and listen for the noise signal. 

Slowly rock the reactance control 
back and forth to find on which side 
of zero the null appears. Once the 
direction of the null is determined, set 
the reactance control to zero and tune 
the receiver towards the null direction 
(downband if null is on Xl side and 
upband if on the Xq side of zero). 

A less than ideal antenna will not 
have exactly 50 or 75 ohms impedance 
despite the coax impedance usually 
recommended, so some adjustment of 
R and C to find the deepest null is in 
order (actual values will be found 
throughout the noise bridge resistance 
range). You'll be surprised how lar off 
some dipoles and other forms of 
antennas can be if they're not in "free 
space,” i.e., if they're close to the 
Earth's surface. 


TechMart 

TEST EQUIPMENT SPECIALISTS 

Bird Wattmeters 
Fluke Multimeters 
Hitachi Oscilloscopes 
And other quality test instruments 

called TechMartI 


TOLL FREE 800-554-8305 
GEORGIA 404-325-0759 
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fig. 2. Antenna noise bridge circuit incorporated in the Heathkit HD-1422. 
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non-resonant antenna 
adjustment 

We can operate antennas on fre¬ 
quencies other than their resonant fre¬ 
quency if we know the impedance (R 
and X components! and then provide 
a matching network to transform the 
impedance. Set up the receiver and 
noise bridge as described above and 
then tune the receiver to the desired 
operating frequency. Find the nulls for 
R and X (as above) and note the scale 
readings. The X readings are not the 
reactance in ohms, but rather the 
capacitance (0 to 60 pF). We can now 
calculate the normalized reactance at 
1 MFIz from the equations below: 

X C = X = $ 9, J 5 C - 2340 


or, 


*1 


X = 2340 - 


159155 
68 + C 


Now, plug "X," calculated from one 
of the above, into Xf = X/f where f 
is the desired frequency in MFIz. 

other applications 

The Fleath FID-1422 noise bridge 
can be used in a variety of applica¬ 
tions. We can find the values of capa¬ 
citors and inductors, determine the 
characteristics of series and parallel 
tuned resonant circuits, and calculate 
adjustments of transmission lines. 

Some antennas and (non-noise! 
measurements'require antenna feed¬ 
lines that are either quarter wavelength 
or half wavelength at some specific 
frequency. We can use the FID-1422 
to find these lengths as follows: 

• Connect a short-circuit across the 
UNKNOWN terminals and adjust R 
and X for the best null at the frequen¬ 
cy of interest (note: both will be near 
zero); 

• Remove the short-circuit; 

• Connect the length of transmission 
line to the UNKNOWN terminal — it 
should be longer than the expected 
length; 

• For quarter wavelength lines, 
shorten the line until the null is very 


close to the desired frequency. For half 
wavelength lines, do the same thing, 
except that the line must be shorted 
at the far end for each trial length. 

The FID-1422 can also be used to 
pretune an antenna tuner in order to 
reduce the amount of tune-up time 
required on the air. A previous ham 
radio article dealt with a system for 
doing this same job using another 
noise bridge. 1 

conclusion 

The Fleath FID-1422 noise bridge is 
an easily constructed, simple device 
that nonetheless produces useful 
measurement results. I recommend 
that all Amateurs vyho operate in the 
HF bands keep one of these instru¬ 
ments in their armamentareum. 

reference 

1. Forrest Gehrke. K?BT, "A Precision Noise Bridge." 
hum nuim, March. 1983, page i>0. 

ham radio 


short circuit 

frequency and level 
standard 

In "A Frequency and Level Stan¬ 
dard” (Flans Evers, PAOCX, January, 
page 10! the caption for fig. 3 incor¬ 
rectly identifies U5 as 74SL90. The cor¬ 
rect designation is 74LS90. 

TRANSVERTERS 
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solving transmission line problems 

on your Commodore 64™ 


‘Transline Plus" 
eliminates drudgery 
from antenna system 
calculations 

When we say the antenna is the most important part 
of an Amateur Radio station, we're really talking about 
the antenna system — and that includes the transmis¬ 
sion line. 

Planning a new system, or evaluating one that's 
already in place, requires transmission line calculations, 
which are by nature tedious and repetitive, and there¬ 
fore well-suited for calculation by computer. After 
reading K4KI's illuminating article’ I wrote "Transline," 
a short program (fig. 1) for determining the impedance 
transformation by a given length of transmission line. 
It soon became apparent that it simply didn't do 
enough, and that's where the "Plus" came in. 

calculations 

If the impedance Z/ at the input of a transmission 
line of length L and characteristic impedance Z () is 
known, the load impedance Z L can be found from: 

Z L Z, - jZ 0 (tan B) (1) 

z„ “ z„ jZ, (tan B) 

where B = 0.367-F(MHz)*L(feet) and./ is the opera¬ 
tor V -1 . 

This equation can be solved for Z/, yielding: 

Z, Z L + jZ 0 (tan B) (2) 

Z„ “ 7.,, + jZ L (tan B) 

Recalling the rule of complex algebra 

a + jb _ ac + bd be - ad ( 3 ) 

c + jd c 2 + d 2 c 2 + d 2 

both equations can be set into forms which readily 
yield formulas for /?/ and A 'i, and R/ and X/, respec¬ 
tively. Performing these transformations, one is struck 
by the similarity between the resulting formulas: one 
needs only to change the sign of the reactance, per¬ 
form the calculation, and change the sign of the result¬ 


ing reactance to use eqn 1 to find the input impedance 
when the load impedance is known. Physically, this 
is because the input termination must be the conjugate 
of the transformed load impedance. As a practical 
matter, it eliminates the need to include eqn 2 in the 
program. 

Knowing the load impedance, the SWR can be cal¬ 
culated from: 


SWR = i + % (4) 

/ — o 


where G is the reflection coefficient 

G = / ( r l ~ Zq) 2 + X L 2 (5 , 

v (Rl + Z 0 ) 2 + X L 2 

These relations may be used to calculate the SWR 
from the input impedance, substituting R/ for R i and 
X/ for Xi, or the input SWR may be measured; how¬ 
ever, line loss can cause the measured SWR to be sig¬ 
nificantly lower than the load SWR. The actual SWR 
and the total line loss can be determined from: 

SWR at load = S L = T + T 161 

A — B 


SWR at input = S, = „ ~ 

D ~ C 


Total loss = 10 log - 

B(1 - C 2 ) 


where 


S, + / 

A = - -. 

S, - 1 


B = 1QM/I0 


C = 


Sl - I 
St + 1 


(7) 


I Thus, knowing the matched line loss, M, in dB, and 
either the input SWR or the load SWR, the total loss 
and the unknown SWR can be calculated. 

Matched loss as a function of frequency for a vari¬ 
ety of transmission line types can be found in numer- 

By Gary E. Myers, K9CZB, 28W135 Hillview 
Drive, Naperville, Illinois, 60565 
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a typical calculation 

A half-square antenna has a feedpoint 
impedance of 1500 + jO ohms at 7.05 MHz. 
Sixty-five feet (19.81 meters) of transmission line 
will be required to bring it into the shack. Since 
only the 40-foot (12 meters) distance from the 
antenna to the house is in the clear, it will be dif¬ 
ficult to use open wire all the way. 

RUN the program, and enter 7.05 at the 
prompt. Try a Q-section of 450-ohm open wire, 
to bring the impedance down. When asked for 
the transmission line type, select "Other" and 
enter 0 for the line loss per 100 feet (30.48 
meters), 450 for the line impedance, and 0.95 for 
the velocity factor. Enter "Y" when asked if you 
want a Q-section. 

The program indicates that a Q-section at 7.05 
MHz will be 33.15 feet (10.10 meters) in length, 
that the matched loss will be 0 dB, and that the 
electrical length is 90 degrees. It then asks for 
the load resistance and load reactance. After you 
enter 1500 and 0, respectively, it tells you that 
the input resistance will be 135 ohms, the input 
reactance will be 0 ohms, the SWR at the load 
will be 3.3, the input SWR will be 3.2, and that 
the total loss will be 0. 

A Q-section of 75-ohm line might help at this 
point, so answer "Y" to the "try again?" prompt. 
Again enter 7.05 and choose "E" (RG11). The 
program says that the matched loss of this cable 
is 0.6 dB per 100 feet (30.48 meters). Enter 0.66 
when asked for the velocity factor. Again, 
answer "Y" to the Q-section prompt, and you're 
told that a Q-section will be 23.03 feet (7.01 
meters) in length with a matched loss of 0.1 dB, 


and that the electrical length is 90 degrees. Enter 
135 and 0, respectively, when asked for the load 
resistance and reactance (the input impedance 
of the open wire section is now the load for the 
RG11). The program then tells you that the input 
resistance will be 41.6 ohms, the input reactance 
will be 0 ohms, the SWR at the load will be 1.8, 
the input SWR will be 1.7, and the total loss will 
be 0.1 dB. 

Finally, try again, to see what the results in 
the shack will be if you finish up with 8.82 feet 
(2.68 meters) of RG213. Again enter 7.05 and 
choose "D" (RG8/213). The matched loss is 0.6 
dB per 100 feet (30.48 meters); enter 0.66 for the 
velocity factor. You enter "N" at the Q-section 
prompt and are asked for the line length, which 
is entered as 8.82. You're told that the matched 
loss is 0.1 dB for 8.8 feet (2.68 meters) and that 
the electrical length is 34 degrees. When asked 
for the known quantity, respond with "B" for 
the load impedance. When asked for the load 
resistance and reactance, respond with 41.6 and 
0, respectively. The computer says that the load 
SWR will be 1.2, the input SWR will be 1.1, the 
total loss will be 0, the input resistance will be 
46, and the input reactance will be 8. 

With just a few keystrokes, you'll have 
planned the feedline portion of your antenna sys¬ 
tem. You can easily do more: if you know the 
feedpoint impedance of the antenna at frequen¬ 
cies off-resonance, you can determine the 2:1 
SWR points and adjust the antenna resonant fre¬ 
quency accordingly, to cover a preferred range 
of frequencies without the need for a trans¬ 
match. 


ous sources. The ARRL Antenna Book 2 shows plots 
of log (frequency) vs log (attenuation) for most of the 
transmission lines in common Amateur use. These 
plots are approximately linear in the HF and VHF 
regions, so they can be described by y - mx I b 
where y = log (attenuation, x = log (frequency), m 
is the slope of the line, and b is the y intercept. Find¬ 
ing m and b for each line then allows one to calcu¬ 
late, with reasonable accuracy, the matched loss at 
any frequency up to and including VHF. 

the program (fig. 1) 

Although even the intrepid antenna experimenter 
cringes at the thought of going through these exer¬ 
cises repeatedly, it's now far less of a chore, because 
Transline Plus will: 


• determine the input impedance, knowing that of the 
load; 

• determine the load impedance, knowing that at the 
input; 

• determine the apparent input SWR, knowing that 
at the load; 

• determine the load SWR, knowing that measured 
at the input; 

• calculate the length of a Q section; and 

• calculate the total loss. 

In addition, the program automatically calculates 
matched line losses for several of the most common 
types of transmission lines in Amateur use today, and 
uses those values — no more thumbing through books 
and reading charts. It even chooses the correct Z 0 . 
Although the concept is straightforward, a brief 
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TELEPHONE /- 
INTEGRATOR 

Voice Activated Telephone Integrator 


An electronic device that enables a 2-way 
radio to work as a mobile telephone system. 
When the integrator is connected to a home- 
base radio and common phone line, it will 
automatically forward phone calls to your 
mobile 2-way radio 

Integrator will also dial out when activated 
by mobile radio 

S395.00 

Send $2 tot Catalog 

RHODE ISLAND RADIO 

P.O. Box 7275 Dept. HR 
Johnston, Rt D2919 
(401) 861-3340 ^ 17n 


_ CADDELL ^ 

COICCORP. ^ 


35 Main Street 
Poultney, VT 05764 
802-287 4055 


BALUNS 

Gel POWER to your anlenna! Our Baiuns are 
already wound and ready lor installation in your 
Pansmatch or you may enclose them in a 
weatherproof box and connocl them directly at 
the antenna They are designed tor 3-30 MHz op¬ 
eration (See ARRL Handbook pages 19-9 or 
6-20 for construction details.) 

100 Wall (4:1, 6:1, 9;1, or 1:1 Impudnocn — Snivel one) S 9.50 
Universal Irnnsmaicn t KW(4.1 imponance) 13.50 

Universal Tranimatch ? KW (i t Impedance) 10.00 

Universe! Trartumaieli I KW (6:1. 9:1 or 1:1 — seloel onel 15.00 
Universal Transmalch 7 KW (6:1. 9:1 or 1:1 — seleci one) 17.50 

Please send latgi* 5ASE lor inlo 


“HAM HOTLINE" 

THE PROVEN MONEYMAKER 
The “Ham Hotline" is a complete 
mailing list of novice amateur radio 
operators and current hams who have 
renewed, upgraded or modihed their FCC 
licenses. These ham enthusiasts have 
proven to be excellent prospects for radio 
equipment, accessories and publications. 

The Hotline is UPDATED EVERY 
TWO WEEKS with an average ol 8.000 
names and addresses each month And, 
because we know the Hotline is the most 
up-to-dale amateur radio listing available, 
we 'll guarantee 98% deliverability 
Target your sales ellorts to your most 
likely buyers. Call DCC Data Service to¬ 
day and begin your subscription to the 
“Ham Hotline” the proven 

moneymaker 

DCC Data Service 1 171 
1990 M Street, N.W. Suite 610 
Washington. D.C. 20036 

Toll-free 1 -80(1-131 -2577 
In DC & AK 202 452 1419 


fig. 1. "Transline Plus" program performs transmission line calculations. 
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iO REM WRITTEN BY GARY MYERS K9CZB 
20 PRINT"CCLRl" 

30 PORJ = 1TQ5:PRINT:NE XT J 
40 PRINTTAB(IO)"**TRANSLINE PLUS**" 

50 PRINTTAB!12)"A PROGRAM FOR" 

60 PRINTTAB!4)"TRANSMISSION LINE CALCULATIONS" 

70 L=LOG<10) 

80 PRINT:INPUT"FREQUENCY (MHZ)":F 
90 PRINT:PRINT"TRANSMI SSION LINE TYPE:" 

100 PRINTTAB(5)"A - RG5B" 

110 FRINTTAB <5>"B - RG59" 

120 PRINTTAB(5)"C - 'MINI S'" 

130 FRINTTAB(5)"D - RGB/213" 

140 PRINTTAB<5)"E - RG11" 

150 PRINTTAB(5)"F - RGB FOAM" 

160 PRINTTAB<5)"G - OTHER" 

170 GETCt: IFC*=""THEN170 

1 BO I FC$ = " A"THENF'OKE 1558, 31: LI =53.5: GOT0700 
190 IFC*="B"THENPOKElS98.31:LI=73:G0T0710 
200 IFC*="C"THENP0KE1642.31:LI=50:G0T0720 
210 IFC$="D" THENF’OKE 1681,31 : L 1=50: G0T0730 
220 IFCS="E"THENFOk'E1719,31:LI=75:G0T0730 
230 IFC*="F"THENPOK E1762,31:LI=50:G0T0740 
240 IFC*="G"THENF0IE1799,31:GOTO260 
250 GOTO170 

260 PRINT:INPUT-LINE LOSS <DB/100’)";LO 
270 PRINT:INPUT"LINE IMPEDANCE":LI:G0T0310 
280 LF‘= I NT (LO* 10) / 10 

290 IF I NT < LO* 100) / 100—LF'= . 05THENLF'=LP+. 1 
300 F'R I NT : PRINT “ MATCHED LOS5 = ";LF';" DB/100’" 

310 PRINT:INPUT"VELOCITY FACTOR":VF 

320 PRINT:PRINT"WANT TO CALCULATE A Q-SECTION (Y/N)-" 

330 GETTS:IFT*=""THEN330 
340 IFT$="N"THEN370 

350 0L=(246.063*VF)/F:LL=QL:QL = I NT(QL*100) 1 100 

360 PRINT:PRINT" Q-SECTION AT";F;"MHZ=":QLj"FEET":G0T0380 

370 PRINT:INPUT-LINE LENGTH (FEET)";LL 

380 AL=INT(10*LL)/10 

390 IFINT(100*LL)/100—AL= .05THENAL=AL+.1 
400 ML=(LO*LL)/100:MP=INT(10*ML)/10 
410 IFINT(100*ML)/100—MP= .05THENMF=MF+.1 

420 PRINT:PRINT" MATCHED LOSS=":MP:" DB FOF:" : AL: "FEET" 
430 B=<(LL/VF)*2*a>/(984.252/F):BA=B*57.3 
440 BF-INT(BA):BA=I NT(I0*BA>/10 
450 IFBA-BF- .5THENBF=BP+1 

460 PRINT:PRINT" ELECTRICAL LENGTH=":BP:" DEGREES" 

470 IFT*="N"THEN540 

480 PRINT: INPUT"LOAD RES ISTANCE":BR 
490 PRINT:INPUT”LDAD REACTANCE":BX 
500 GOSUB1270 

510 PR I NT: F'R I NT ” INPUT RESISTANCE"*": RA 
520 PRINT: F'R I NT" INPUT REACT ANCE= " ; X A 
530 GOTO80O 

540 F'R I NT: PRINT "DESIGNATE KNOWN QUANTITY:" 

550 FRINTTAB(5)"A - INPUT IMPEDANCE" 

560 F'R I NTT AB (5 > " B - LOAD IMPEDANCE" 

570 PRINTTAB(5)"C - INPUT SWR" 

580 FRINTTAB(5)"D - LOAD SWR" 

590 GETD*:IFD*=""THEN590 
600 IFD$="A"THEN750 
610 IFD$="E"THEN870 
620 IFD*="C"THEN1000 
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630 IFD*="D"THEN1080 
640 G0T0590 

650 PRINT:PRINT"TRY AGAIN <Y/N>?" 

660 GETd*:IFQ*=""THEN660 

670 IFQ*="Y"THENPRINT"-CCLR3-":F0RJ=1TOB:PRINT:NEXTJ:G0T070 
680 PRINT"CCLRJ":FORJ=1T010:PRINT:NEXT 
690 F'RINTTAB< 13) "73 DE K9CZB” : END 

700 LA=.5376*L0G(F)/L+LOG(.42)/L:L0=10TLA:G0T0280 
710 LB=.45864*LOG(F)/L+LOG <.4)/L: L0=1OTLB:G0T02B0 
720 LC=.3979 *LOG(F >/L+LOG(.4)/L: L0= 10tLC:G0T02B0 
730 LD=.515*L0G(F>/L+LOG<. 21 )/L: L0= 10tLD:G0T0280 
740 LF=.52*L0G!F)/L+LOG(. 15)/L:L0= 10 t LF:G0T0280 
750 PRINT:INPUT"INPUT RESISTANCE"iBR 
760 INPUT"INPUT REACTANCE":BX 
770 G0SUB1200 

780 PRINT:PRINT" LOAD RES ISTANCE=":RA:" OHMS 
790 PRINT:PRINT" LOAD REACTANCE=":XA: " OHMS 
800 NP=(BR-LI) T2+BX T2 
810 DP=<BR+LI) T2+BXt2 
820 P=SQR<NF'/DP) 

830 SW= < 1+P) / < 1 -F' ) : SW= I NT < SW* 10) /10 
840 PRINT:PRINT" VSWR=";SW 
850 60SUB1120 
86*-* G0T0650 

870 F'RINT: INPUT "LOAD RESI STANCE" : RL 

880 INPUT"LOAD REACTANCEXL 

890 NS=(RL-LI)T2+XLT2 

900 DS= < RL+LI)T2+XLT 2 

910 G=SQR(NS/DS) 

920 SW=(1+G)/(1-G):SW=INT(SW*100)/100 
930 PRINT:PRINT" VSWR AT LOAD=";SW 
940 G0SUB1120 

950 BR=RL:BX=—XL:G0SUB1200 
960 RA=INT(RA*10)/10:XA=I NT(-XA*10)/lO 
970 PRINT:PRINT"INPUT RESISTANCE=“;RA 
980 PRINT:PRINT"INPUT REACTANCE = ";XA 
990 G0T0650 

1000 PRINT: INF'UT"INPUT SWR":5I 
1010 AS= <SI + 1)/(SI-1) 

1020 BS=10T (ML/10) 

1030 SW=(AS+BS)/(AS-BS):SW=INT(SW*10)/10 
1040 PRINT:PRINT" SWR AT LOAD=":SW 
1050 CS=<SW-1)/(SW+l) 

1060 GOSUB1170 
1070 G0T0650 

1080 PRINT:INPUT”LOAD SWR":SW 
1090 GOSUB1120 

1100 PRINT:PRINT" VSWR AT INPUT=";SI 

1110 G0T0650 

1120 BS=10f(ML/10) 

1130 CS=(SW-1)/(SW+l) 

1140 SI = (BS+CS)/(BS-CS) :SI = INT <10*SI>/10 
1150 IFD*="D"THEN1170 

1160 PRINT:PRINT" VSWR AT INPUT=":SI 

1170 LT =(10/L)*LOG((BST2-CST2)/(BS* <1-CS t 2) ) ) :LT=INT(LT*10)/10 
1180 F'R I NT: F'R INT" TOTAL LINE LOSS=";LT;" DB" 

1190 RETURN 

1200 IFCOS(B)=OTHENB=1.57 
1210 BB=TAN(B) 

1220 D= < LI + ( BX *BB) ) f2+(BR*BB> T2 
1230 NA=BR*LI*(1+BBT2):RA=(LI*NA)/D 
1240 RA=INT(RA*10)/10 

1250 NB=(BX-<LI*BB) )*(LI + (BX*BB) ) + <BRt2*BB>:XA=(LI*NB)/D: 

XA=INT(XA*1O)/10 
1260 RETURN 

1270 RA= (LI T2*BR) / (BR T2+BX f 2) : F:A= I NT (RA*10> /10 
1280 XA=—(LI T2*BX)/(BR T2+BX T2) :XA=INT(XA*10)/ 10 
1290 RETURN 


READY. 



CALL 

214/747-7346 
COLLECT AND 
TELL US YOUR 
PARTS 
DESIRE. WE 
HAVE THE 
BEST DEALS 
ON SURPLUS 
GE AND 
MOTOROLA 
PARTS AND 
TUBES. READY 
TO SHIP NOW. 


REDIPART 

P.O. BOX 10293 
DALLAS, TEXAS 75207 
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coaxial R. F. 

antenna switches 



Heavy Dufy switch tor true 

1 KWPOWER-2 ICWPEP 


Single Pole, 3 Position 
Desk or wall mount 
Ail unused positions grounded 
* 593 UHF connectors / $27.25- 
*596 BNC connectors/ $36.50 • 

2 Pole, 2 Position, bypasses. 

Iinoars, reflectometers. antenna 
tuners, etc 

*59d UHI connectors / $34.25* 

Single Pole, 5 Position, all unused 
positions grounded 
*595 - UHF connectors / $32.00 * 
*597 BNC connectors/ $46.50' 

' Shipping and handling tor any 
item add $2 each 


ALL OUR PRODUCTS MADE IN USA 

BARKER ft WILLIAMSON 

Quality Communication Products Since 1932 

At your Distributors write or call 

10 Canal Street, Bristol PA 19007 pH 

(215) 788-5581 ■£ 




OSCILLOSCOPE 


$129.95 

Turn Your Computer Into A (C64 Version) 


DIGITAL 

STORAGE 

OSCILLOSCOPE 

And More With The 

MB230 WORKSHOP 



INTERFACE UNIT 


The MB230 is designed tor use with your home or personal computer It 
is a complete Electronic Instrument and Electro-Mechanical Workshop 
which contains Interface Unit, D C Motors, Gears, Sensors. 
Construction Components, Disk Based Software and instructions lor 50 
sample projects 



Included are: 

• Digital Storage Oscilloscope 

• Digital Voltmeter 

• • Digital Speech & Sound fRecord/playback) 

• A/D-D/A Conversion 

• D C Motor Control (Var Speed) 

• Infrared Control 

• Motors, Gears Generators 

• Motorized Mechanical Robotics 

• Cars, Cranes, Toys Etc 


rF 




MOT OH AND f.f AIO, 


The heart ol the M8230 Workshop «s the B100 Interface Unit which 
connects to all types of xurtsot s and «s able to control lights, motors 
relays and other external devices The M8230 manual contains 
suggestions and instructions for many advanced projects such as 
antenna positioning and relay control 


Available tor the following computers 

Commodore 64 ($129 95). Apple 2*. 2E ($159 95), 
Atari R00 ($139 95) 

Corning soon lor IBM Amiga, Alan 52QST 


To order or tor more information call toll tree t -800-824-2549 
Cashier s check. Money order. VISA, or Mastercard orders accepted 

Order now to avoid delay’ 

ALL ORDERS SHIPPED UPS BLUE 
AT NO EXTRA CHARGE 

Mill TIROTIPQ INP 2561 South 1560 West 

wiui* i iDU 1100 , inwr. Woads CfOSS _ Ulnh a40 e 


review of the program will help to clarify things and 
make it easier to modify, if you wish. Since the Com¬ 
modore 64 works in natural logarithms, line 70 saves 
typing later on. Lines 100-160 let you specify the type 
of feedline. If "other" is chosen in line 160, then 260 
and 270 are run to let you specify the matched loss 
per 100 feel (30.4 meters) and the characteristic 
impedance; otherwise the program will do it for you. 
Lines 180-240 confirm your choice with a graphic, 
choose the value for Z 0 and send the program to the 
appropriate matched loss calculation. (The loss for 
"mini-8" types is based on product review data for 
Tandy RG-8/M. 3 ) Line 250 prevents invalid entries. 

Line 310 allows you to specify the velocity factor 
of the feedline. This could have been included in 
180-240, but since it tends to deviate from nominal 
values, especially in foam dielectric types, the impor¬ 
tant part of the results may be more accurate if it is 
measured rather than assumed." Line 350 calculates 
the length of a Q-section if requested. Lines 380-410 
contain number-rounding operations and 420 displays 
matched losses. The electrical length of the line is cal¬ 
culated in radians and degrees, and rounded and dis¬ 
played in degrees, by lines 430-460. If a Q-section is 
not requested, line 470 sends the program to the next 
stage. 

Lines 550-630 let you choose your calculation, 
based on the known quantity, and send the program 
to the appropriate routines and subroutines. Line 1200 
prevents "division by zero" errors when the line length 
is exactly 90 degrees. 

After typing in the program, be sure to SAVE it 
before RUNning, in case you've made an error that 
will cause a system lockup. For those with little 
programming experience, note that the CLR in curly 
brackets in lines 20, 670, and 680 means a SHIFTed 
CLR/HOME key; this shows on the screen as a 
reversed video heart symbol. 

results 

The program is designed to be easy to use. Just fol¬ 
low the prompts as they appear on the screen. 
Prompts that ask for a single letter response are 
executed immediately by GET statements; those that 
ask for numbers are INPUT statements, and require 
a RETURN for execution. If you want a hard copy of 
your results, add PRINT// statements after each 
appropriate screen PRINT. 

Some cautions are in order. The impedance trans¬ 
formation calculations don't account for line loss. Nor¬ 
mally this is of little consequence in well-designed sys¬ 
tems, but it may introduce significant errors if the total 
loss exceeds 2 dB or so. The exponential relations 
developed by KOOP 5 - might be substituted for the cal¬ 
culations in lines 1210-1250, if better accuracy is 
desired for very lossy situations. The calculations for 
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matched loss are based on the assumption that the 
log (frequency)/log (attenuation) relationship is linear; 
this is only approximately true for some types, espe 
daily in the UHF region. Rounding operations and 
some minor approximations cause the program to yield 
SWR and line loss results that may be inconsistent in 
the first decimal place. 

A typical calculation is illustrated in the sidebar. 
This program has taken much of the tedium out of 
my antenna system studies, and makes "what if?" 
exercises a real joy. If you don't care to type the pro¬ 
gram, send me a formatted disk and $5, and I'll pro¬ 
vide you with a copy. 

references 

1 William Vipers, K4KI, “This Hall-Wavu Transmission Lino in Bridge Mens 
moments,” ham radio. November. 1984. page 108. 

2 The ARRL Antenna Book. 14th Edition. American Radio Relay Leapt n.\ 
Inc.. Newington. Connecticut, 1982. page 3 20. 

3 Jerry Hall. K1TD. "Tandy Wire and Cable RG 8/M Coaxial Cable," QST. 
December. 1980, page 49 

4 G. Downs. WlCT. "Measuring Transmission-Line Velocity Factor." QST, 
June. 1979. pages 27 28, 

5. 6. White. KOQP, "Computerized Smith Chari for Noise Bridge Applica 
tionb,” QEX, September, 1985, page 7. 

ham radio 


r.l O PACKET RADIO 

uld controller 


Now you can get in on the fun in packet radio! 


* Rudy to optril* • wind and lailad 

* Opaniti with Vole* Tramcalnrt. 

* Eaiy to laam, easy io operata 

* Built in Pacltol Uodam and CW Idamllication 

* Usa with a compular. larminal oi Talatypa 
Nachfna 

' Tarminti: ASCII or BAUDOT: 44 to 1600 Baud. 

' Radio Link Spaads ol 300.600 or 1700 Baud. 

* Automatically aatacta AX.25 ot VAOc-i. 

1 Ramoft Rapaatar Command Lockout. 

* Full 5 dioipaatat oparalion In AX.2S 

* 0«ar $0 Commando 

* Slorax racaiHd maitegai (or dalayad reading 
' Abia to dlaplay olhat calls whUa connactad 

‘ 'Block' and 'frantpartnl' modat lor daia lllaa 

* Oparaitt at an unauandad dlglpaalor 

* 'Baacon' modt. 

’ Signata available lor Talatypa Motor Control 
’ Standard mtmory la 4K, tipandabla to UK. 

’ UK RAM available on tpaclai ordar 
1 Can ba cuitomirad lor LAM'a. 

1 Squelch inpul lot abating at «oie* channtta. 

* Call tfgn. SSID i VA0C a programmtd in ROM 

Oimtntlona: 2.3 X II X S (inchat| 

Powtr Requirement: 12 rolla DC at 200 ma. 


model pki 


SPECIAL PACKAGE DEAL!!! 
Amateurs Only 

Includes PKI installed in 
cablnel w/cabie sal & pwr. supply 

$169.95 


PKI • FCC CERTIFIED - wired and tested in cabinet $149.95 


Subassembly board - wired and tested 


$109.95 


PKD0C • Documentation only - Refundable on first PKI 

purchase S 9.95 

Please specily Call Sign, SSID Number, and Node Number when ordering 
Contact GLB tor additional Inlo and mailable options. 

We oiler a complete line ol Irensmlllers and receivers strips, preselector 
preamps, CWID'ers I synlbosiitrs tor amateur S commercial use. 

Bequest our FREE catalog. MC S Visa welcome. ^72 


GLB ELECTRONICS.INC. 

151 Commerce Pkwy., Buffalo. NY 14224 
716.675-6740 9 to 4 


PROPAGATION 

PUBLISHING 

Your source for amateur radio 
books, tapes and computer pro¬ 
grams. 

Now over 150 books, tapes and com¬ 
puter programs to keep you up to date 
In the ham world, and to help upgrade 
for that next ticket. 

‘‘DX Power: Effective Techniques 
for Radio Amateurs” 

Here it is at last! You knew it had to be 
written, and now we have it. A complete 
survival manual for every radio amateur 
interested in the competitive world of 
DXing Chip Tilton breaks tradition to 
reveal what really goes on in the DX 
world. 

Postpaid in USA. , $12.00 

Please send check or money order. 
Illinois residents please add 6% sales 
tax. 

We are looking for authors! 

PROPAGATION 

PUBLISHING 

P.O. Box 5255, NG9E 
Morton, Illinois 61550 


POPULAR PA 19 
Wideband Preamp 


Over 8,000 sold since 1976 
0.5 - 200 MHz bandwidth 
19 dB gain 
50 12 m/outpul 

Increase sensitivity at receivers or 
counlers 

Built, tested & ready-to-go 

ONLY $9.95 PPD 


NEW POCKET SIZED 
500 MHz Freq. Counter 


■ Compact design-pocket sized 

' Measures frequency from 1 MHz in 500 
MHz lo within l kHz 

Built-in telescoping 
antenna 

Uses t standard 
9 volt battery 

All units pre-tested and 
calibrated to .001% 

Professional and dependable perfor¬ 
mance at a low cost 

ONLY $49.95 PPD 


DIGITREX 

1005 BLOOMER 
ROCHESTER, Ml 48063 

WEST COAST DISTRIBUTOR 

R. LUKASZEWICZ 

20610 ALAMINOS DRIVE SAUGUS. CA 913S0 
(805) 252-6021 




NOW Sinad CAN 
BE MEASURED WITH 
YOUR VOM 

1 Quickly tune Receivers. Cavities, 
Preamps, elc. 

■ Works with your VOM or AC 
VTVM that has 2.5V lull scale sen¬ 
sitivity or belter 

• Fast accurate measurements 

■ Sinad measurement displayed on 
meter in "dB" scale 

• Sell contained, pocket size, go 
anywhere instrument. 

1 Powered by standard 9V battery 
or optional AC adaptor. 

SINADAPTOR SAI-OI 


$79.95 ^ 


('lease arttJ S3 50 
\liifj{uni) A liiindiini) 


MV mis add wife?. f;i.« 


J.S. Technology, Inc. 

39 Main Street 
Scottsville, NY 14546 
(716) 869-3048 174 
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hf ground wave propagation 


A computer program 
for calculating 
expected range 

While some hams are busy chasing rare DX, work¬ 
ing "skip" via F2 ionized atmospheric layers, many 
others are busy sending SSTV signals across town to 
friends or communicating with relatives in adjacent 
states by using "ground wave" propagation. If you're 
the latter, and you'd like to discover an armchair 
method of determining what your expected ground 
wave communications range should be, then read on. 

This article describes a computer program, written 
in BASIC for the Commodore 64 or 128PC — but eas¬ 
ily converted to other computers — which will pre¬ 
dict your range in miles as you experiment with trans¬ 
mitter power, receiver sensitivity, polarization, and 
antenna heights and gains. 

The program is completely menu-driven for ease of 
operation. Two typical screens are shown in figs. 1 
and 2. The first is used for selection of frequency band, 
equipment characteristics, and polarization, and the 
latter is used in the selection of antenna heights and 
gains. The typical output format is shown in fig. 3, 
and a routine is included to dump all applicable infor¬ 
mation to your printer. 

propagation curves 

Although propagation curves have been available 
for about 40 years, most hams have either not been 
aware of them or haven't known how to use them. 
The classic curves developed by Bell Labs cover 200 
kHz to 600 MHz over distances of 0.5 to 1000 miles 
(0.8 to 1600 km) and are arranged in six sections cover¬ 
ing propagation over poor soil, good soil, and sea 
water for vertical and horizontal polarizations, and 
include ground-to-air data to 40,000 feet (12,000 
meters). 1 Typical inputs and outputs are expressed in 
terms of 1 kW transmitted from a grounded whip and 
units of field strength in dB above 1 microvolt per 
meter, however, one must be wise in the ways of 
antenna conversions to use them. Although propaga¬ 


tion predictions at VHF and UHF are fairly straight¬ 
forward because antennas at these frequencies are 
usually mounted many wavelengths above earth, 
where ground effects are negligible, 2 3 they are very 
complicated at HF, where antennas are usually located 
within a few wavelengths of ground. Under these con¬ 
ditions, actual antenna directivity and efficiency are 
a function of polarization and are directly affected by 
soil conductivity, and other factors. 

The user-friendly menu-driven computer program 
described below utilizes data taken from portions of 
selected curves in reference 1, Ground wave propa¬ 
gation data are included for the 3.5, 7, 14, 28, and 50 
MHz bands, with separate information for both verti¬ 
cal and horizontal polarizations for three different 
ground conductivities. 

program description 

The menu-driven HF ground wave propagation pro¬ 
gram includes a sufficient number of INPUT, PRINT, 
and REMARKS statements that should make it self- 
explanatory to most users. The program LISTing in 
BASIC is shown in fig. 4. The following description 
is for those who wish to follow the program flow line 
by line. 

Lines 10 through 40 display the program title on the 
screen and provide you an opportunity to select any 
combination of border, screen, and letter colors 
desired; you're not stuck with the Commodore 64 
default conditions. In lines 50-74 you choose whether 
to work with receiver sensitivity and transmitter power 
in microvolts and watts or in dBm (decibels relative 
to 1 milliwatt). This is for your convenience only; the 
program converts either input to the other and displays 
both as an output. 

Line 76 branches to the program data in the subrou¬ 
tine beginning at line 9000 and running to the end of 
the program. (Details of the data format will be given 
later for interested programmers.) Lines 100-115 then 
branch to subroutines for initial inputs of the 
parameters described below. The subroutine in lines 
600-624 prints a menu on the screen (see fig. 1) and 
requires you to select your operating frequency band. 

By Lynn A. Gerig, WA9GFR, R.R.#1, Morgan 
Road, Monroeville, Indiana 46773 
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SELECT FREQUENCY BAND FROM MENU 

1 = 3.5 MHZ 

2=7 MHZ 

3 = 14 MHZ 

4 = 28 MHZ 

5 = 50 MHZ 

WHAT IS YOUR CHOICE? 5 


INPUT XMTR POWER <IN WATTS)? 100 
RCVR SENSITIVITY <IN MICRO-VOLTS)? .8 

VERTICAL OR HORIZONTAL POLARIZATION 
(V OR H)? H 


SELECT PROPAGATION PATH FROM MENU 

1 = POOR SOIL 

2 = GOOD SOIL 

3 = SEA WATER 

WHAT IS YOUR CHOICE? 2 

fig. 1. Menus for selection of frequency band, radio 
parameters, polarization, and path type. 


CHOOSE ANTENNA FEEDPOINT HEIGHT ABOVE 
GROUND FROM THE FOLLOWING MENU: 


1 = 

10' 

4 = 

40' 

7 = 

80 

2 = 

20' 

5 = 

50' 

8 = 

100 

3 = 

30' 

6 = 

60' 

9 = 

150 


SELECT HEIGHT OF TRANSMIT ANTENNA? 3 
SELECT HEIGHT OF RECEIVE ANTENNA? 5 


ENTER GAIN OF XMIT ANTENNA (IN DB>? 12 
ENTER GAIN OF RCV ANTENNA (IN DB>? 7.5 


ENTER TOTAL LOSSES AT TRANSMITTING AND 
RECEIVING ENDS OF THE LINK. INCLUDE 
COAX CABLE LOSSES, ETC. (IN DB>? 4 

fig. 2. Menus for selection of antenna parameters. 


The subroutine in lines 700-740 asks for receiver 
sensitivity and transmitter power output. You'll either 
be prompted for an input in dBm or in microvolts and 
watts, depending upon your preference selected in 
lines 70-74. Your input is converted to both units, 
which will be displayed later. 

The subroutine in lines 800-860 displays menus on 
the screen requiring you to select polarization (verti¬ 
cal or horizontal) and type of propagation path (poor 


soil, good soil, or sea water), also shown in fig. 1. 

All antenna parameters are input from the subrou¬ 
tine in lines 900-995. You must first select the heights 
of both the receiving and transmitting antennas from 
the menu (see fig. 2). The program includes data for 
antenna elevations above ground from 10 to 150 feet 
(3.04 to 45.7 meters) in nine discrete increments. In 
addition, if you select vertical polarization, an addi¬ 
tional option for specifying your antenna at ground 
level is included. Next you're asked to input antenna 
gains in dB. Finally, you must input system losses. 
These would include coaxial cable losses, antenna 
matching network losses, and antenna losses due to 
a poor ground radial system, unless you took these 
into consideration when entering radio set parameters. 
For example, if you have a 100-watt transmitter and 
have 6 dB of coax cable and antenna losses, either 
use 100 watts as your power level and include 6 dB 
in losses (plus losses at the receiving end, of course), 
or use 25 watts (actual radiated power) with 0 dB 
losses. 

The main program calculations and outputs occur 
in lines 200-395. First, path loss vs distance and 
antenna height gain data for your operating conditions 
are selected based upon your inputs of frequency, 
polarization, soil type, and antenna heights. An 
equivalent "path" in dB is calculated in line 240. This 
number is basically the difference in dB between the 
transmitter power output and receiver sensitivity, with 
corrections for antenna gains and system losses, plus 
an equivalent antenna "height gain" for antennas at 
other than "reference height." Data stored in the pro- 


GROUND WAVE PROPAGATION AT 50 MHZ 
HORIZONTAL POLARIZATION OVER GOOD SOIL 

TRANSMITTER POWER OUT: 50 DBM 

100 WATTS 

RECEIVER SENSITIVITY: -108.9 DBM 

.8 UV 

TRANSMITTING ANTENNA: 12 DB GAIN 

AT 30 FEET 

RECEIVING ANTENNA: 7.5 DB GAIN 

AT 50 FEET 

SYSTEM LOSSES: 4 DB 

MAXIMUM EXPECTED RANGE: 66.6 MILES 


F=NEW FREQ BAND R=RUN AGAIN 

A=MODIFY ANTENNAS P=PRINTER DUMP 

X=MODIFY R/T SENS/PWR Q=QUIT 

N=NEW PATH OR POLARIZATION 

fig. 3. Typical program output format. 
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fig. 4. Propagation program list in BASIC for the Commodore 64. 


2 CL*-CHR* <147 >iD*-"N"i LT*-CHR* <137) i DfW-CWW <17) 

10 PRINTCL*DN*DM*" 3.5-50 MHZ GROUND-HAVE PROPAGATION 
14 PRINTDN*" PROGRAM FOR THE COMMODORE 64 

16 PRINTDN*DN*DN*DN*" VI.O C 19B5 BY 

IB PRINTDN*" LYNN A. GERIG, HA9EFR 

20 F0RJ-1TO6IPRINTiNEXT 

22 PRINT"TO CHANGE BORDER, BCREEN, OR LETTER 
24 PRINT'XOLORB, PREB8 B, B, OR L, RESPECTIVELY. 

26 PRINTDN*"TO EXIT TO PROGRAM, PREBB <RETURN>. 

30 GETA*lIFA*-""THEN30 

32 I FA*- "B" THENP0KE532B0, PEEK <53280) +1AM) 15 
34 IFA*-"8-THENPOKE332Bl, PEEK <53281) +1AND1B 
36 I FA*- "L " THENP0KE646, PEEK < 646) +1 AM) 151G0T010 
38 I FA*—CHR* <13)THEN50 
40 G0TQ30 

SO PRINTCL*DN*-THI8 PROGRAM CALCULATES EXPECTED RANGEB 
52 PRINT"FOR FREQUENCY BANDB OF 3.S, 7, 14, 2B, 

54 PRINT "AND 50MHZ. THE APPROXIMATE DYMANIC 
56 PRINT"RANGE IB FOR PATH LOBBEB OF 100 TO 200 
58 PRINT"DB, COVERING M08T APPLICATIONS FOR RCVR 
60 PRINT"BENS OF .2 TO 10 MICRO-VOLTS AND XMTR 
62 PRINT"POMER OF .1 TO 1000 MATTB. PROGRAM 
64 PR I NT “ COVERB ANTENNA HEIGHTB FROM GROUND 
66 PR I NT "LEVEL TO 150 FEET. 

70 PRINTDN*DN*"PROGRAM DEFAULTB TO RCVR BENB AND XMTR 
72 PRINT"PHR IN DBM. HOULD YOU RATHER HORK HITH 
74 PRINT"MICRO-VOLTB AND HATTB <Y-YE8)"11 INPUT D* 

76 G0BUB9000■REM READ DATA 

100 GOBUB600■REM BELECT FREQUENCY BAND 

105 G0BUB700IREM BELECT XMTR PHR 1 RCVR BENB 

110 GOBUBBOO■ REM BELECT PROPAGATION PATH 

115 G08UB900lREM BELECT ANTENNA PARAMETERS 


200 REM MAIN PROGRAM CALCULATIONS 
205 IF <H1—OORH2-0) ANDPO—2THENG08UB900 

210 H*-H*<PQ,PP,FB) iREM DATA FOR BELECTED POLARIZATION, PATH l< FREQ 
215 F0RJ-lTO12iX-6*<J-l)iP<J)-VAL<MID*<H*,X+l, 3)) 

220 D<J)-VAL<MID*<H*,X*4,3))iNEXT 

225 IFD <12)-999THEND <10)-1050iD <11 )-IOSOiD <12)-1050 
230 HX-HG <PO,PP,FB,HI)I REM XMIT ANTENNA HEIGHT GAIN 
235 HR“HG<P0,PP,FB,H2) I REM RCVR ANTENNA HEIGHT GAIN 
240 PL-PD-RD+HX+HR+GX+GR-LLlREM PATH IN DB 
245 PRINTCL*"GROUND HAVE PROPAGATION AT"F<FB)"MHZ 
250 PRINTPO*<PO)" POLARIZATION OVER "PP*<PP> 

255 PRINTDN*"TRANBMITTER POHER OUTl"PD|TAB<30)|"DBM 
260 PRINTTAB<22)PH|TAB<30)"HATTB" 

263 PRINTDN*"RECEIVER SENSITIVITY! "RD(TAB<30)"DBM 
270 PRINTTAB<22>RMTAB130)"UV 
275 PRINTDN*"TRANBMITTING ANTENNA■ 

280 PRINTTAB <23>"AT"H<H1)"FEET 
2BS PRINTDN*"RECEIVING ANTENNA■ 

290 PRINTTAB<23)"AT"HtH2)"FEET 

295 PRINTDN*"BYBTEM LOSSES! "LL"DB"DN* 

300 IFPL<P <1)THENPRINT"RANGE NOT IN PROGRAM! <"D<1)"MILEB"iG0T0400 
305 IFPL>-P <12)THENPRINT"RANGE NOT IN PROGRAM! >"D<12)"MILEB"lG0T0400 
320 FORJ-lTOlllX-J+1 


"GX'DB GAIN 


"GR“DB GAIN 


325 IFPL>-P<J)ANDPL<PtX)THENDI-D<J) + <D<X)-D<J))* <PL-P<J))/<P<X)-P<J)) 

330 NEXTlDI —INT <10SDI + .5)/10 

335 PRINT"MAXIMUM EXPECTED RANGE! "DI"MILE8 

400 PRINTDN4LL* 

402 PRINT"F-NEH FREQ BAND R-RUN AGAIN 

404 PRINT"A—MODIFY ANTENNAB P-PRINTER DUMP 

406 PRINT"X-MODIFY R/T BENB/PHR Q-QUIT 
40B PRINT"N—NEH PATH OR POLARIZATION"| 

410 FORJ-1TQ10|GETA*|ICXT 

412 GETA*11FA*-""THEN412 

413 IFA*—"P"THEN430 

414 PRINTDN* 

415 IFA*-"R"THEN100 

416 IFA*-"Q"THENBYB65126iREM RESTORE 
418 IFA*—"N"THENGO8UBBO0i GOT0200 
420 IFA*-"A"THENG0BUB900IG0T0200 
422 IFA*-"X"T)«N608UB700|GOT0200 
424 IFA*-"F“THENGOBUB600lG0T0200 
426 G0T0412 

430 REM BCREEN-IXJf*» TO PRINTER 

432 0PEN3,3I0PEN4,4IPRINTCHR* <19)||PRINT#4|PRINT#*,LL* 

434 F0RJ-0T07S9iGET*3,A*iPRINT04,A*|■NEXT■PRINT**,LL* 

436 CL08E41CL08E31 FOR J -1T051 PRINTlNEXTlGOTO*12 


Step up 

to the world’s most- 
advanced antenna system! 

WITH NOT A SINGLE 
WATT WASTED IN LOSSY 
TRAPS! (There aren’t any!) 


Hams in over 50 DXCC count¬ 
ries have done so already! 



The DJ2UT-Multiband-Systems 
offer: 

- Maximum gain plus F7B 
ratio with low VSWR across 
each band 

- 2 kW CW output power 

- 10715/20/(30) 40-meter 
bands with up to 7 band 
coverage incl. WARC bands 
with self-supporting 
''TWIN-BOOM" and boom- 
leglhs from 8 to 20 ft 

- Air-core teflon dielectric coax- 
balun and stainless-steel 
hardware at no extra cost 

- traditional Blackforest crafts¬ 
manship 

The DJ2UT-MULTIBANDERS 
provide the superior full-size 
monoband-beam performance 
required during the present 
sunspot minimum. 

For further information contact 



H.J. Theiler Corp. 

P.O. Box 5369 
Spartanburg, SC 29304 
(803) 576-5566 

or our distributor in Canada: 
Dollard’s Radio West 
P.O. Box 58236 
762 S.W. Marine Drive 
Vancouver, B.C. V6P 6E3 

Selected dealerships available. 
See you in Dayton in April 1986 
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EXMET. your source tor METALLURGICAL ASSIS¬ 
TANCE and DISCOUNTED PRICING on Aluminum 
Tubing and Shapes, plus Carbon. Alloy. SS. and Gal¬ 
vanized Tubmcj Examples bolow are only a small 
Irachon ol our stock. Please call or write lor additional 
slock sizes 

Aluminum Tubing (Alloy 6061-T6) 


O.D. x Wall 

Length 

Price per Lei 

1/2" x 058" 

12 ft. 

$ 1026 

7/8" x 058" 

12 II 

18.40 

1“ x 058" 

12 II 

21 82 

MM" x 058" 

12 II 

27 35 

1-1/2" x 058" 

12 It 

3337 

1-1/2" x 125" 

2 A II. 

7620 

2" X .058" 

12 II 

44.93 

2" x .250" 

12 It. 

193 92 

3" x 065" 

12 11 

76.14 


Stainless Steel Carbon Steel. Alloyed Stool, and Gal¬ 
vanized Steel Tubing m stock that meets ASTM 
Standards 

Policies All prices FOB Twmsburg. Ohio Payment 

by MC or Visa, check or money order or COD Mini¬ 
mum order $50.00. Volume and Club discounts avail¬ 
able Ohio residents add Sales Tax. 

3D EXMET, INC. ^ 

2170 E. Aurora Rd„ P.O. Box 117 
Twlnsburg, Ohio 44087 • 216-425-8455 
See You At Dayton! 


REPEATER VOTER 



4RV Four Channel Repeater Voter 

• Signal lo Noise Type 

• Expandable to 32 Channel by Just Adding Cards 

• Designed for Commercial and Amateur Service 

• Continuous Instant Voting 

• Dual or Single 12 Voll Supply 

• LEO Indicators ol COR and Voted Signals 

• Front Mounted Level Pots 

• Built in Calibrator 

• Remote Voted Indicators Pinned Out 

• 4 Vi * x 6" Double Sided Gold Plated 44 Pin Card 

• Unsquelched Audio Input 

• On Board Audio Switching and Mixing 

• Audio Mixer Input Available tor External Input 

• Open Collector or Relay Contact Input 

• Open Colloctor NPN Output 

• Remote Disable Inputs 

• More 

4RV Kit Including board and parts with 20 page 

manual.$200.00 

Built, tested, and calibrated wlthmanual. .. $350.00 
For more information call or write: . 

VOTER Hall Electronics 
015 E. Hudson Street Z51 ° 8 ' 1 
Columbus, Ohio 43211_ 



AMATEUR RADIO MAIL LISTS 

Soil-stick 1x3 labels 

*** NEWLY LICENCED HAMS *** 
ALL NEW UPGRADES *•* 
*** UPDATED EACH WEEK *** 

Total List S <162,728 (ZIP sorted) 
Price is 2.5 cenls each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 23117 

703:894-5777 „ 
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600 PR1NTCLD"BELECT FREQUENCY BAND FROM HENU“DN* 

602 PRINTTAB<9>" 1 - 3.3 HHZ 

604 PRINTTAB<9>" 2 - 7 t*4Z 

606 PRINTTAB(9>" 3-14 HHZ 
608 PRINTTAB<9>" 4-20 HHZ 
610 PRINTTAB(9)" 3-30 HHZ"DH* 

620 INPUT"WHAT IB YOUR CHOICE"|FB 

622 IFFB<>1ANDFB<>2ANDFB<>3ANDFB< >4ANDFB<>3THEN600 
624 PR 1 NTDftta RETURN 

700 IFD9--Y"THENINPUT"INPUT XHTR POWER (IN HATTB>"|PWiGOT0710 
702 INPUT”INPUT XHTR POWER (IN DBH)"|PD 

704 PW-(PD-30>/10lPW—lO^PW 

706 XFPW>-1THENPW-1NT(PW»10+.3)/1Ol60T0720 

705 IFPW< 1 THENPW—INT (PWtlOOO*. 3) /lOOOiGOTO 720 
710 PD—10*L06 (PW> /LOG (10) ♦30iPD—INT (PDt10+.3) /10 

720 IFD9—"Y"THENINPUT"RCVR BENBITIVITY (IN HICRO-VOLTB)"|RHi60T0730 

722 INPUT"RCVR BENBITIVITY (IN DBH)"|RD 

723 IFRD>OTHENPRINT”<1 HW 18 A NE6ATIVE NUHBER"a 60T0722 

724 RH- (RD+107) / 201RH—10'*‘RH 

726 IFRH>—1THEN RH-INT (RHt 10*.3) /lOi 60T0740 
72B XFRtKITHEN RH-INT (RH9100+.3) / lOOi 60T0740 
730 RD—209L06(RH>/L06(10)—107iRD—INT(RDt10+.3)/10 
740 RETURN 

BOO REH BELECT POLARIZATION L PROPAGATION PATH 
BOS PRINTDN*“VERTICAL OR HORIZONTAL POLARIZATION 
810 INPUT"(V OR H)"|PO* 

BIS IFPO*-"V"THENPC>»li6OTOB30 
820 IFP09—"H”THENPO—2i80T0830 
B23 BOTOBIO 

830 PRINTDN9DN4"BELECT PROPAGATION PATH FROH fENU"DN« 

833 PRINT" 1 - POOR BOIL 
B40 PRINT" 2 - GOOD BOIL 
843 PRINT" 3 - BEA WATER"0N9 
BSO INPUT "WHAT IB YOUR CHOICE** | PP 
833 IFPP<>1ANDPP<>2AN0PP< >3THEWB30 
B60 RETURN 

900 REH ANTENNA PARAHETERB 

903 PRINTCL9-CHOOSE ANTEMCA FEEDPOINT HEIGHT ABOVE 
910 PRINT-GROUND FROH THE FOLLOHING MENUi "iPRINTDN9 
913 IFPO—1T>CWPRINT"0 - 6ROUOED VERT I CAL "DN9 


920 

PRINT"1 - 

10' 

4 - 

40' 

7 - 

BO 

923 

PRINT-2 - 

20' 

3 - 

30' 

B - 

100 

930 

PRINT-3 - 

30' 

6 — 

60' 

9 - 

130 


933 INPUT"BELECT HEIGHT OF TRAN8HIT ANTENNA"|H1aHl-INT(HI> 

940 INPUT"BELECT HEIGHT OF RECEIVE ANTE*»4A"|H2iH2-INT(H2) 

943 1FH1<OORH2<OORH1>90RH2>9THENPRINT"NOT IN MENU"iGOTO933 
930 IFP0-2AND(H1-00RH2-0>THENPRINT"N0T IN HENU"iGOT0933 
963 PRINTDN9DN* 

970 IM*UT"ENTER 6AIN OF XHIT ANTENNA (IN DB)"|6X 

973 INPUT"ENTER GAIN OF RCV ANTENNA (IN DB)"|GR 

900 PRINTDN*DN*"ENTER TOTAL L088E8 AT TRAN8HITTING AND 

903 PR I NT "RECEIVING END8 OF THE LINK. INCLUDE 

990 INPUT"COAX CABLE LOBBEB, ETC. (IN DB>"|LL 

993 PRINTCLtiRETURN 

9000 RD-7iPRINTDN9DN*DN9DN»,CHR9(IB)"READING DATA "|RD| 

9003 DIH HG(2,3,3,9)i DIHHt(2,3,3) 

9010 FORPO—1T02IREH 1-VERT 2-HORIZ 

9013 F0RPP-1T03IREH 1-POOR BOIL 2-GOOD BOIL 3—BEA WATER 
9020 FORFB-lTOSiREH 1-3.3 2-7 3-14 4-2B 3-30HHZ 
9023 FORAH—1T09IREH 1-10' 2-20 3-30 ... 6-60 7-BO B-100 9-130 f 
9030 READ H6(PO,PP,FB,AH)iREH HEIGHT 6AIN IN DB 

9033 NEXTiNEXTiRD-RD-1IPRINTLT9LT9LT9RD|•NEXTINEXT 
9040 DATA 0,0,0,0,0,0,0,0,0 

9042 DATA -1,-1,0,.3,1,2,3,4,7 

9044 DATA 0,1.3,3,3,7,0,10,12,13 

9046 DATA 2,6,8,11,12.3,14,16.3,18.3,22 

904B DATA 6,11,14,17,18.3,20,22.3,24,28 

9030 DATA 0,0,0,0,0,0,0,0,0 

9032 DATA 0, 0, 0, 0, 0, 0, 0,0,0 

9034 DATA -.3,-1,-1,-.3,0,1,2,4, 7 
9036 DATA 0,1,2,3.3,3,6,8,10,13 
9038 DATA 1,4,7,9,11,13,13,17,20 
9060 DATA 0, 0, 0, 0, 0, 0,0,0,0 
9062 DATA 0,0,0,0,0,0,0,0,0 

9064 DATA 0,0,0,0,0,0,0,0,0 

9066 DATA 0,0,0,0,0,0,0,0,0 

906B DATA -1,-1.3,-2,-2.3,-3,-3,-2,-1.3,1 

9070 DATA 0,2,4,6,7,8,10.3,12,13.3 

9072 DATA 0,3,6,7.3,9,11,13,13,18.3 

9074 DATA 0,4,8,11,13,14,16,18,22 

9076 DATA 0,3.3,9,12,14,13,17,19.3,23 







DATA 0,6, 
DATA 0,4, 
DATA 0,3, 
DATA 0,6, 
DATA 0,6, 
DATA 0.6, 
DATA 0,6, 
DATA 0,6, 
DATA 0,6, 
DATA 0,6, 
DATA 0,6, 
H* <1,1,1> 
H* <1,1,1 > 
HSU,1,2) 
H*(l.1,2) 
HS(1,1,3) 
H*(l,1,3) 
H*(l, 1,4) 
HSU,1,4) 
HS(1,1,3) 
HSU, 1,3) 
HS(1,2,1) 
HS<1,2,1) 
HS(1,2,2) 
HS (1,2,2) 


9.3,12.3,14.3,13.3,17.3,20,23.3 
7.3,10,11.3,13,16,IB,21 
8,11,13,13,17,19,22 

10.12.14.16.18.20.23 

10.12, 14, 16,18,20,23 

10.12, 14,16,18,20.23 

9.3.12.14.13.3.18.20.23 

9.3.12, 14,13.3,18,20,23 
9.3,12,14,13.3,18,20,23 
9.3,12,14,13.3,18,20,23 
9.3,12,14,13.3,18,20,23 

- "099007109012119020129033139034149088139123 
-HS(1,1,1)+*169170179210189230199290209320 

- "1034.31137.6123013133023143037133033163088 
-H*<1.1.2> +"173120103160193190203230213270 
-•1112.31214.3131008141013131023161037171033 
-HSU,1,3)+"181080191103201130211130221180 
-"1181.81283.11383.314801013B016168023178040 
-HSU , 1,4 > ♦ “ 188038198078208096218120228130 
-"1231.31332.2143004133007163012173018183030 
-HS < 1, 1,3 > ♦ " 193043203038213073223090233110 
-•099027109043119060129110139130149190139230 
-HS< 1,2, 1)♦"169270179310189340199380209420 

- •103014113023123032133060143090133123163160 
-HS<1,2,2)+"173200183223193240203270213300 


> H*<1,2,3)-“1113.7121011131021141032131030161070171094 
HS<1,2,3)-HS<1,2,3)+-181120191140201160211180221200 
HSU, 2, 41 — 1184.21287.3138013148022138033168030178069 
HSU ,2,4)-HS< 1,2,4)♦•18808919811020813021813022B170 
HS <1,2, 3> — 123003133003143010133013163024173037183030 
H«<1,2,S)-H«<1,2,3)+’193067203083213100223120233140 
HS<1,3,1)-“099190109290119380129470139370149630139740 
HS <1,3, 1)-HS <1,3,1)+’169820179920189999189999189999 
HS <1,3,2)-“103130113213123280133330143423133300163380 
HS <1,3,2)-HS <1,3,2)♦"173640183700193780203840213900 
H*<1.3,3)-"111083121113131130141183131220161260171300 
HSU, 3,3)-HSU, 3,3)+“1813401913702014102114302214B0 
H«<1,3,4)-’118033128030138070148090138110168130178130 
HS <1,3,4)—HS <l,3,4)+"IBB170198190208210218230228230 
HS <1,3,3 > — 123017133027143040133034163070173083183100 
HS<1,3.3)-H*<1,3,3)+"193117203130213130223170233183 
HS<2,1,1>-*0991.31092.61194.81298.1139013149023139042 
H* < 2.1.1)-H»< 2.1,1>♦"169060179090189123199162209200 
H«<2,1,2)-’1031.31132.61234.81338.1143013133023163042 
HS<2,1.2)—H*<2.1,2)♦“173060183080193113203140213170 
HS <2,1,3)—"1111.31212.61314.8141B. 1131013161023171042 
HS<2.1.3)-HSU,1,3)♦•181036191078201100211122221143 
HSU,1,4)-’1181.81283.21383.9148010138016168030178040 
HSU,1,4>-H«<2.1.4)+•18806019808020809621811622B136 
HS<2,1,3)-"1232.41334.11437.21330131630221730321B3043 
HS < 2 . 1,3)-HS < 2,1.3)♦’193060203071213082223100233120 
H«<2,2,1)-’0990.71091.31192.3129004139007149013139022 
HSU. 2,1>-H*<2.2. 1)♦"1690361790331890B0199110209130 
HSU, 2,2) —1030.91131.61232.9133003143B.B133016163026 
HSU, 2. 2)-HSU. 2.2)+"1730421830661930902031 20213130 
HS <2,2,31 —1111.31212. 1131004141007131013161021171033 
HS<2 - . 2.3)-HSU. 2.3)+"181030191073201093211 120221 142 
HS <2,2,4>—“1161.81283.213B3.21489.315B01616B02617B040 
HS<2,2,4>-HS<2,2,4>+“18803819807620809421B11622B133 
HSU, 2,3)— 1232. 41334.21437.41330121630201 730311B3043 
HS<2,2,3)-HS < 2,2,3)+ * 193038203074213090223110233120 
HS <2,3,1)-"0990.61091.01191.71290031393.31499.3139017 
HSU. 3.1 >-HSU. 3. 1>+" 169028179046189072199108209140 
HSU, 3. 2)— 1030, 81131.41232.41334.31437.7133013163023 
HSU. 3.2)-HSU. 3. 2)+"173038183039193084203113213130 
HSU, 3, 3> —1111.21212.11313.81416.8131012161020171033 
HSU. 3. 3)-HSU. 3. 3)+“181030191070201093211 120221140 
HSU.3.4)—"11B1.712B3.01385.41489.415801616602617B040 
HS<2,3,4)-HS <2.3,4)+"188056198076208098218116228130 
HSU, 3,3) —1232.41334.11437.2133012163020173032183043 
HS <2,3,3)-HS <2,3,3)♦"193060203076213090223110233125 
F<1)—3.3lF<2)—7 «F<3)—14lF<4)-28lF<3)—30 
RD-RD-1iPRINTLTSLTSLTSRD 
P8S <1)--VERT ICAC-IPO» < 2)-"HOR1ZONTAL" 

PP9 <1)—“POOR 80IL"IPP4 <2)—"GOOD 801L"|PP*<3)-"BEA WATER" 

LL«—-" 

D1WM12) IDIMDI12) 

H <0)—OlH <1> — 10lH<2)—201H < 3)—30lH <4)—401H <3)—50 

H <6)—601H <7)—801H <8)—lOOiH <9)—130 

RETURN 
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Achieve 1 or 2 db gain over ANY % wave 
two meter telescopic antenna. The AEA 
model HR-T Hot Rod” antenna was 
designed by Dr. D.Ki Reynolds (designer ot 
the IsoPole) to deliver maximum 
performance tor any hand-held transceiver 
with a BNG fitting. 

The factory-tuned HR-1 is 20% shorter, 
lighter and places tar less stress on your 
hand-held connector and case. It will easily 
handle over 25 watts ot power, making It an 
excellent emergency base or mobile 
antenna, in the collapsed position, the Hot 
Rod antenna will perform like « helical 
quarter wave. 

The Hot Rod antennas can be expected to 
make the same Improvement to hand-held 
communications that the IsoPole brand 
antennas have made to base station 
operations, Why pay more when the best 
costs less? 

Prices and Specifications subject to 
change without notice or obligation. 


ADVANCED ELECTRONIC 
APPLICATIONS, INC. 

P.O. Box C-2160, f 
Lynnwood. WA 98036 . ; 
(206)775-7373 
Telex: 152571 AEA INTL 

^ C ^ Brings you the 
Breakthrough! 



More pages, more praducts-and it’s 
hot aft the press 1 Get the new 1986/7 
DICK SMITH ELECTRONICS Catalog 
and find anything for the electronics 
enthusiast The data section alone 
is worth the price of admission Send 
for your copy today 




Pleas© reserve my copy of the 1986 Dick Smitti 
Calalog I enclose $1 to covet shipping 


DICK SMITH flfCmONICS INC V' 

P o Bo* 7249 Podwood Cify CA \ 

FVrBYlHING fOR tHt HtCIRONlCS FNIHUSlASfl 






gram assume vertical antennas are at ground level and 
horizontal antennas are at 10 feet (3.04 meters). In 
lines 245-295 all your input parameters are displayed 
on the screen (see fig. 3). In lines 300-335 a check 
is made to ensure that the results of your parameters 
fall within the dynamic range of the program, the 
expected communications range is calculated based 
upon the nearest two data points stored, and your 
expected communications range is displayed on the 
screen. 

One of the features of this program is that you can 
experiment with changes in a single parameter with¬ 
out having to re-enter all the inputs. Lines 400-426 
print a menu at the bottom of the screen (see fig. 3). 
Would you like to see how much further you could 
communicate if you increased your transmitter power 
from 100 to 500 watts? Press "x" on the keyboard, 
enter new receiver sensitivity and transmitter power, 
and your new range will instantly be displayed. What 
about raising that antenna from 30 to 60 feet (from 
9.14 to 18.28 meters)? Press "A," answer the ques¬ 
tions, and your answer immediately appears. If you 
have a printer connected, just press "P" and lines 
430-436 will give you a screen dump for a hard copy 
of all the information. 

data format 

The propagation curves from which the data in this 
program were taken assume that both receiving and 
transmitting antennas are dipoles at 10 feet (3.04 
meters) for horizontal polarization and grounded 
antennas for vertical polarization. In many cases for 
vertical antennas and in all cases for horizontal 
antennas, as you raise the height of the antennas, you 
can communicate over larger distances. 

Each antenna elevation has an associated "height 
gain." For example, for horizontal polarization over 
good soil at 14 MHz, raising the antenna from 10 feet 
to 30 feet (from 3.04 to 9.14 meters) will give you the 
same increase in range as increasing your power from 
100 watts to 1 kW or as increasing your antenna gain 
by 10 dB. Hence, a 30 foot (9.14 meter) antenna under 
these circumstances is considered to have a relative 
"height gain" of 10 dB. 

The data statements in lines 9040-9098 contain 
height gains for the various combinations of fre¬ 
quency, polarization, and soil type in this program. The 
first five lines are for vertical polarization over poor soil, 
the next five are for vertical polarization over good soil, 
etc., and the last five are for horizontal polarization 
over sea water. Each line contains nine numbers which 
are the height gains in dB for each of the nine discrete 
heights in the menu. For example, line 9084 contains 
data for horizontal polarization over good soil at 14 
MHz. The height gain for 10 feet (3.04 meters) is 0 
dB (reference height); for 20 feet (6.09 meters), it's 


6 dB; for 30 feet (9.14 meters), it's 10 dB . . . and for 
150 feet (45.72 meters), it's 23 dB. These data are read 
into the four-dimensional array HG in lines 9005-9035 
during program initialization, and the proper height 
gains for the antenna condition you choose in the pro¬ 
gram are selected in lines 230 and 235. 

There are 30 pairs of lines from 9100-9392, one for 
each combination of polarization (two kinds), soil type 
(three kinds) and frequency (five bands). H$(1,1,1) 
contains data for vertical polarization over poor soil 
at 3.5 MHz; H$(1.1,2) is for the same at 7 MHz . . . 
through H$(2,3,5), which is for the second polariza¬ 
tion type (horizontal), the third path type (sea water), 
and the fifth frequency band (50 MHz). Each nonlinear 
propagation curve of path in dB vs distance in miles 
is broken into 12 data points, each consisting of three 
digits for path in dB followed by three digits for dis¬ 
tance in miles for that point, and is reconstructed as 
an 11-segment "piece-wise" linear equation by the 
program. For example, the first six digits of H$(1,1,1) 
indicate that for 3.5 MHz vertical polarization over poor 
soil, a path of 99 dB will yield a communications range 
of 7 miles (11 km). Similarly, the last six characters 
of H$(2.3,5) predict a range of 125 miles (201 km) for 
a 233-dB path for horizontal polarization over sea water 
at 50 MHz. 

The proper data set for the combination of fre¬ 
quency, path, and polarization chosen is selected in 
line 210 of the main program. This is then broken into 
12 path and 12 distance values by the character string 
manipulation in lines 215 and 220. In lines 300-305, 
your system path is checked to be sure it's within the 
program range: if not, a "range not in program" mes¬ 
sage is printed. In lines 320-330 your path is compared 
with each of the 12 path points stored. When it's 
found to be between the two closest path points, the 
variable Dl is calculated to be the same proportional 
distance between the associated distance data, and 
that distance is printed to the screen in line 335. 

entering the program 

Enter the program as listed, taking the normal 
precautions to SAVE it before you RUN it so that if 
you make a typing error that could cause a computer 
lock-up, you'll be able to go back to edit the saved 
version without having to retype the entire program. 
The remarks (REM...) are to make the program easy 
to follow and change. They don’t need to be entered. 

If you have a Commodore 64 or 128PC, the program 
will run as LISTed. If you have another brand of com¬ 
puter, you'll want to delete lines 22-24 and 32-36, 
which are machine-specific (or add your own color 
commands), and change the "SYS65126" in line 416 
to "STOP" or "END." These are the only commands 
in the program that are machine specific, so the pro¬ 
gram should be easily converted to run on most com- 
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puters using BASIC. Some changes might be neces¬ 
sary; for example, some computers won't permit 
multiple statements on a single line, so new line num¬ 
bers will have to be added. The program as written 
requires just under 16K of RAM, but it could be 
"crunched" by deleting the title screen and REMarks 
statements. 

If you don't want to keystroke the Commodore 64 
program yourself, send a check or money order for 
$8.00 to me at the address shown at the beginning 
of the article. I'll send you a verified disk containing 
two copies of the program (1541 format). Add $2.00 
for tape or if you live outside the United States. I also 
have an IBM-PC version available on disc for the same 
price.) 

expected results 

In free space, path attenuation changes at a 20 
log(F) and a 20 log(D) rate where F is frequency in 
MHz and D is distance in miles. This means you need 
four times your present power (or a corresponding 6 
dB increase in antenna gain) to double your distance 
because your radiated power is expanding over an 
increasing area which is proportional to distance 
squared. This also means that when your frequency 
increases by a factor of 10, the signal decreases 20 
dB. The atmosphere doesn't really absorb the higher 
frequencies. A given radiated power will provide the 
same free-space field intensity (in microvolts per meter 
or watts per meter squared) at 30 MHz as it does at 
3 MHz, for example, but a half-wavelength dipole at 
ten times the frequency is physically only one-tenth 
as long and therefore will "capture" only one-tenth 
as many microvolts (-20dB). 

Although free-space attenuation is very predictable 
[loss in dB = 37 + 20 log!/ 7 ) + 20 log(Z?)j, actual 
attenuation is much greater due to the earth's curva¬ 
ture. In addition, some drastic and sometimes unex¬ 
pected results occur when your antenna is within a 
few wavelengths of ground — which is usually the 
case below 30 MHz. 

If you're using a vertical antenna at ground level, 
you can think of your system as if a return current were 
flowing through the ground, much as return currents 
flow through the shield of a coaxial cable. If the soil 
has low conductivity, the signal will be attenuated. For 
example, the same system that gives you a range of 
125 miles (201 km) using a grounded vertical antenna 
at 3.5 MHz over poor soil will give you a range of 230 
miles (370 km) over good soil and 740 miles (1190 km) 
over sea water. In general, your communications range 
with vertical polarization will be poor over poor soil 
and excellent over sea water. 

If you place a horizontal dipole close to the ground 
(in terms of wavelengths), the earth will tend to act 
as a reflector. Because much of your signal will go 


"straight up," little will propagate along the horizon; 
the higher the conductivity of the earth, the more dras¬ 
tic the effect. For the same system parameters at 3.5 
MHz referenced in the previous paragraph, if you have 
a horizontal dipole mounted at only 10 feet (3.04 
meters) above ground level, your range will be about 
42 miles (67 km) over poor soil, 22 miles (35 km) over 
good soil, and only 17 miles (27 km) over sea water. 

Although the previous two paragraphs might lead 
you to beleive that vertical polarization is preferable 
to horizontal polarization for ground wave conditions 
(it sometimes is), other items should be considered. 
For example, a horizontal dipole at 3.5 MHz will be 
very efficient, but a vertical over a poor ground radial 
system may be less than 10 percent efficient. In addi¬ 
tion, as a horizontal antenna is elevated to greater 
heights, the effects of ground described above will 
greatly decrease. Raising your 3.5 MHz vertical 
antenna from ground level to 100 feet (30.48 meters), 
for example, will have a negligible effect on your 
expected range. However, moving your horizontal 
dipole from 10 feet to 100 feet (from 3.04 to 30.48 
meters) at this frequency will give "height gains" of 
12, 18, and 20 dB over poor soil, good soil, and sea 
water, respectively. 

At the higher frequencies, where antennas are 
generally mounted several wavelengths above ground, 
the propagation path is nearly independent of polari¬ 
zation. For example, at 50 MHz, using radio 
parameters of 100 watts out and 1 microvolt sensitiv¬ 
ity, and assuming djpole antennas at 70 feet (21.33 
meters) — with no losses for this "ideal" example — 
the predicted communications ranges fall between 54 
and 60 miles (87 to 96 km), no matter what combina¬ 
tions of polarization and soil type you choose. 

using the program 

No more needs to be said about the mechanics of 
using the program. Some explanations and precau¬ 
tions, however, are in order. 

1. Selection of frequency band, polarization, path 
type, and antenna height should be straightforward. 

2. For transmitter power, use actual output power, not 
rated input power. 

3. For receiver sensitivity, the actual receiver sensitiv¬ 
ity can generally be used at the higher frequencies if 
you live in a "quiet" (QRN-wise) location. However, 
if you're operating 40 meters, where the background 
QRM and QRN levels are S6 or S9 or worse, you're 
kidding yourself if you use 0.2 microvolts, because you 
might not hear anything below 10 microvolts or so. 
Disconnect your antenna and listen to the noise level, 
then connect the antenna. If the background noise 
doesn't rise, use your receiver sensitivity. If the noise 
rises, use the background noise level (you can cali¬ 
brate your S-meter with a signal generator). 


May 1986 Q 87 



4. If you'll be communicating over earth witn low con¬ 
ductivity and low dielectric constant (such as dry sand, 
gravel, or rock), select "poor soil" from the propaga¬ 
tion path menu. If you'll be communicating over soil 
with relatively high conductivity and high dielectric 
constant (such as cultivated farmland], select "good 
soil." Maritime mobile operators will obviously select 
sea water. 

5. Antenna gain for horizontal polarization will gener¬ 
ally be 0 dB for a dipole or inverted "V." If you're using 
a heam or directional array, enter the gain (in dB) rela¬ 
tive to a dipole. 

6. The curves for vertical polarization at ground level 
assume a grounded whip over a perfect ground radial 

■ system. If you have a phased array, enter the gain. 
If you have a moderate or poor ground radial system 
(most hams do), performance will be poor. Even with 
15 ground radials, efficiencies as low as 50 percent can 
be expected.“ For this case, your gain would either 
be -3 dB, or 0 dB with 3 dB added to other system 
losses. If you have only a ground rod or a few short 
radials, your efficiency may be less than 10 percent 
(-10 dB). 

7. The height gains for elevated vertical antennas 
assume a whip over a good counterpoise (such as a 
ground plane antenna). Although the theoretical gain 
of a ground plane antenna is 3 dB above a dipole, the 
pattern maximum is normally about 30 degrees above 
the horizon, and the signal is usually down about 6 
dB at the horizon (or 3 dB below a dipole level). If 
you're using a vertical dipole or beam antenna elevated 
more than a wavelength above ground (such as a 
6-meter beam above 20 feet, or 6.09 meters), add 3 
dB to the antenna gain. However, the presence of con¬ 
ducting tower and coaxial cables parallel to the driven 


element usually distort the radiation pattern, so expect 
actual performance for vertical antennas to be less 
than predicted. 

8. Remember to include losses at both the receiving 
and transmitting ends of the circuit for total systems 
losses. 

9. As with any "prediction" program, use the results 
with caution. The curves are based on propagation 
over average terrain under average conditons. Actual 
variations of 20 dB or more can be expected. Neither 
"poor" conditions nor "extended ground wave" con¬ 
ditions will surprise an experienced operator. Expect 
inferior performance if your antenna is not "in the 
clear" (i.e. in a jungle, inside an apartment building, 
etc.) or if your path involves mountainous terrain. Per¬ 
haps the most useful purpose for this program is to 
experiment with antenna height or gain and transmit¬ 
ter power, etc., "on paper" (more accurately, "in 
RAM") to determine relative system improvements 
without having to spend a lot of time and money con 
structing hardware and running comparative tests. 

If you have comments or questions, feel free to write 
to me, but enclose an SASE if you wish a response, 
references 
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how high 

should your hf antenna be? 


Knowing the desired range 
determines height 

The question, "How high should my antenna 
be?" is often asked. But the only way to answer that 
question is by asking another: how far do you want 
to communicate? It's the answer to this question that 
allows the first to be answered. 

Most hams build an antenna and then determine its 
capabilities and limitations by experiment. They never 
know whether poor communications should be 
blamed on the antenna or on propagation. A systems 
engineer, on the other hand, begins the process of 
designing a communications link by first determining 
the required distance for the link and then selecting 
the proper antenna, which is then built to the height 
that provides the optimum radiation pattern for the 
desired communications link. When link quality is 
poor, the designer can be certain that propagation 
conditions — not the antenna — are the limiting 
factor. 

skip angle versus distance 

The choice of antenna type and height can be read¬ 
ily determined from two simple graphs. First select the 
distance of the desired communications link. With that 
value in mind, refer to fig. 1 to determine the opti¬ 
mum radiation angle or elevation take-off angle. 

The graph shown in fig. 1 is based on the average 
height of the ionosphere; although this distance varies, 
the typical Amateur antenna has a broad radiation pat¬ 
tern in the elevation plane, so high accuracy is not 
required, either for the height of the ionosphere or the 
height of the antenna. 

Typically, we want to be able to select from a broad 
range of communications distances rather than be 
limited to only one location. So you'll need to deter¬ 
mine the range of communications distances and the 
resulting range of optimum elevation radiation angles. 


If the range of radiation angles is too broad, more than 
one antenna may be required to optimize station per¬ 
formance, as will be shown later. 

height versus skip angle 

Figure 2 shows a computer-derived graph of 
antenna height versus skip angle. To allow the graph 
to be universal, antenna height is shown as a func¬ 
tion of wavelength. Therefore, when you find the 
desired height, the physical height can be determined 
from the familiar equation of X = 984/?, where X is 
measured in feet and f is the operating frequency in 
MHz. For example, if the optimum height 0.75 X, find X 
for your operating frequency by multiplying it by 0.75. 
This allows the graph to be used at any frequency. 

To explain the use of the graph, let us say we deter¬ 
mined the distances we wanted to cover to be a range 
of 10 to 500 miles. From fig. 1, this translates to a radi¬ 
ation angle range of 87 to 37 degrees. From fig. 2 we 
find the antenna could be anywhere betwen 0.1 and 
0.4 X for 87 degrees and between 0.2 and 0.6 X for 
37 degrees. To cover the desired range we need a 
horizontal antenna located between 0.2 and 0.4 X. 
Since this is probably a good ragchew antenna for 75 
meters, this translates to: X = 984/3.9 = 252 feet 
(76.9 meters). Therefore, 0.2 X = 50 feet (15.4 meters) 
and 0.4 X = 101 feet (30.8 meters). 

The black area of the curve covers the 3 dB beam- 
width of the antenna. At 50 feet the antenna gain 
would be down 3 dB at a takeoff angle of 37 degrees, 
and down 3 dB at 87 degrees. The peak of the antenna 
pattern would be in the center of the black area of the 
curve. 

Understanding the graph may be simplified by relat¬ 
ing it to a "standard" antenna pattern. Figure 3 shows 
the pattern of a dipole 1.25 X above ground. If you 
were to draw a line on fig. 2 at a height of 1.25 X, 
you'd note that it would cross the first black curve at 

By Ted Hart, W5QJR, P.0. Box 334, Melbourne, 
Florida 32902 
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fig. 1. Optimum angle of radiation vs. distance for 1-hop and 2-hop communications based on average height of ionosphere. 


5 degrees and 18 degrees (corresponding to the first 
lobe in the pattern), at 30 degrees and 45 degrees (cor¬ 
responding to the second lobe), and at 62 degrees and 
continuing through 90 degrees on the third lobe. 
Hence, the multiple black areas correspond to the mul¬ 
tiple lobes of the antenna pattern, when the antenna 
is high above ground. The areas between the black 
areas correspond to the nulls in the antenna pattern. 

For a beam antenna, the same curves apply, except 
that the beam reduces the lobes on the back side 
because of the front-to-back ratio. 

The graph presents only the elevation angles of the 
various lobes in the antenna, not the relative ampli¬ 
tudes. Typically, one lobe will be predominant in ampli¬ 
tude, with the other lobes at a reduced level. Since 
very few ham antennas are used at heights above one 
wavelength, this is a secondary consideration. 

The graph also applies to vertical antennas. Nor¬ 
mally, Amateurs use verticals only at ground level, but 
if the vertical were raised to a great height, multiple 
lobes wold appear in the radiation pattern. Since a ver¬ 
tical is a complement to a horizontal antenna, where 
one has a lobe the other would have a null in its pat¬ 


tern, asssuming both were at the same height. When 
using the graph for vertical antennas, simply use the 
areas that are not dark to derive the pattern. 

what are your antenna's 
characteristics? 

By working backwards, you can readily determine 
the range of communications for your existing 
antenna. Measure the height of the antenna and draw 
a corresponding line on fig. 2. Determine the eleva¬ 
tion angles of the lobe(s), transfer that information to 
fig. 1, and read the corresponding range of commu¬ 
nications distances. Again note in particular the nulls 
in the antenna pattern and the corresponding range. 
Now you know why you rarely talk to anyone at a dis¬ 
tance that corresponds to a null in the antenna pat¬ 
tern. Also note that horizontal antennas close to the 
ground do not provide signals at low angles; conse¬ 
quently they're not useful for long range communica¬ 
tions.* Conversely, vertical antennas don't radiate at 
high angles and are therefore not useful for short- 

'Unless other modes of propagation exist — e.g. ducting, M, N, derived, 

etc. — Ed. 
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fig. 3. Dipole 1.25X above ground. 


range communications (less than 500 miles). Truly 
complete Amateur stations have both dipoles and ver¬ 
ticals for the low bands. 

summary 

Figures 1, 2, and 3 were reproduced from my book, 
The Rules of The Antenna Game — Alias What Every 
Ham Must Know About Antennas, available from the 
author for $5.95 F $1 for postage and handling. Please 
address inquiries to Ted Hart, W5QJR, W5QJR 
Antenna Products, P.0. Box 334, Melbourne, Florida 
32902. 
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long 2-meter collinears 
— a simple way to 
achieve gain 

Depending on the size and con¬ 
struction techniques chosen, it's 
possible to build vertical or horizontal 
collinears in as little as one hour — or 
at most, one day. The cost is low, and 
gain can be increased by adding ele- 




tig. 1. Two examples of half-wave col¬ 
linears (,4) 3 section, IB) 4 section. 


ments, one set at a time, to the array. 
Support can be a rope attached to a 
tree, a tower, or a building. 

With only moderate variation in gain 
and SWR, a 2-meter collinear can be 
cut and matched for the middle of the 
band and it will work over the entire 
4 MHz. 

The antenna illustrated in fig. 1 is a 
string of half-wave elements laid end- 
to-end and fed in phase by a series of 
half-wave delay lines (quarter wave 
shorted stubs). For use on 2 meters, 
the antenna is made from No. 12 solid 
copper wire. PVC pipe is used for insu¬ 
lators. 

My antenna is fed with coax. The 
VSWR is less than 1.5:1 over the entire 
band at the transmitter. With a ten- 
element array, I've had contacts with 
mobile stations 50 miles (80 km) away 
and constant contacts through re¬ 
peaters 80 to 100 miles (128 to 160 km) 
away. 

If side-mounted on a tower or pole, 
three collinears can be phased so that 
two can be used simultaneously, with 
an additional 3 to 4 dB gain realized in 
any six directions. 


gain over a dipole j 

2-element 

1.9 dB 

3-element 

3.2 dB 

4-element 

4.3 dB 

10-element 

10.0 dB 

20-element 

13.0 dB 

40-element 

16.0 dB 


The phasing stub supports are PVC 
pipe measuring 2.5 inches (6.35 cm) 
long and drilled 0.5 inch (1.27 cm) from 
the ends. By changing the dimensions 
for other bands, this type of antenna 
can be used horizontally for gain on 
432 MHz and 6, 10, and 15 meters, etc. 
On 6 meters it works especially well for 
auroral contacts when set up to radi¬ 
ate horizontally, north and south. It's 
better than a 5-element beam. 

The feedpoint impedance is a func¬ 
tion of the array. 

Figure 2 provides the actual lengths 
used in a six-section collinear together 
with construction notes. Provide a 
loop at both ends for the support rope 
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or insulator and support wire. Assem¬ 
ble all driven elements, then add the 
phasing stubs, made from No. 12 or 
larger stiff copper wire, to be self- 



supporting for vertical mounting. Slide 
the coax feed along the driven stub in 
order to achieve the lowest VSWR. 
Figure 3 shows one method of 
increasing the gain of the "Ringo 
Ranger" through the addition of a two- 
section collinear. 

larger design 

I've built antennas using this design 
for 435 MHz, 439 MHz, and 2 meters 
for horizontal operation. My horizon¬ 
tal 2-meter antenna is a 40-element 
version in an inverted V form, made 
from No. 22 stranded teflon-coated 
wire. 
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Yagi facts and fallacies 

Surely the Yagi beam is the most 
commonly used Amateur antenna 
between 14 and 450 MHz — and right¬ 
fully so. It can yield higher gain for its 
physical size than any other antenna 
type. Its low profile makes it an excel¬ 
lent choice for those who are either 
stacking an array for very high gain or 
desire to operate several bands using 
the same antenna mast. 

Over the past ten years there has 
been a definite improvement in the 
gain and especially the radiation pat¬ 
tern of long, high-gain Yagi beams. 
However, with these improvements 
there have also been seemingly unex¬ 
plainable performance failures that 
have created confusion. Furthermore, 
pretentious gain claims have been 
made by some well-intentioned 
Amateurs. 

In light of the above. I'm going to 
devote this month's column to the 
Yagi beam. Emphasis will be placed on 
attaining optimum performance. Cer¬ 
tain problem areas will be discussed. 
I hope this material will be informative 
and put some of the myths to rest. In 
addition, it should provide guidance on 
how to select the proper parameters 
and obtain optimum performance 
when designing and building Yagis. 

history 

First, a few notes on the develop¬ 
ment of the Yagi-type antenna might 
be in order. The basic Yagi antenna 
structure as we know it today is clas¬ 
sified as an "end fire" array. It usually 
consists of a single driven element with 
a reflector and one or more directors 
(fig. 1). The reflector is used mainly to 


decrease radiation off the rear of the 
antenna; the directors primarily deter¬ 
mine the shape of the radiation pattern 
(or gain) in the forward direction. 

The Yagi antenna was first devel¬ 
oped in Japan during the late 1920s by 
Dr. H. Yagi and S. Uda. 1 Dr. Yagi pub¬ 
lished abroad in English, giving rise to 
the "singular" credit for this type of 
antenna. 2 His work with Uda on this 
antenna was published in book form 
in reference 3. 

In the early days the Yagi antenna 
was typically used with only two to six 
elements. In the 1950s Kmosko and 
Johnson published one of the first 
really long Yagi antenna designs. 4 
However, their heuristic ("cut and 
try") work had somewhat less gain 
than claimed and the radiation pattern 
had many sidelobes. These designs 
used tapered spacing and little or no 
director length tapering. 

Greenblum published what was 
probably the first cookbook on Yagi 
designs. 5 However, how his graphs 
were to be used wasn't completely 
clear; some missed the point that the 
elements were through the boom, and 
the director lengths included the boom 
correction. The director spacings were 
not specific (a range of values was 
given) and some director lengths were 
also missing on the original charts. 
Regardlesss of the above, Tilton had 
great success using Greenblum's 
designs. 6 - 78 

Ehrenspeck and Poehler showed yet 
another design approach primarily 
aimed at decreasing the number of ele¬ 
ments in the director structure; pat¬ 
terns were not optimized. 9 


Many years later. Dr. Ehrenspeck 
suggested that the best design for 
gain was probably the 0.3 wavelength 
spaced model.’ 0 He also said that if 
two additional directors were added to 
the front of the structure (as shown in 
fig. 2), that pattern could be improved 
and the gain increased by up to 1.0 dB. 

Other individuals likewise published 
specific designs, but Amateurs really 
had to wait until Viezbickie and Reisert 
published the NBS Yagi designs." 12 
Unfortunately, the NBS designs cov¬ 
ered only six specific boom lengths, 
0.4, 0.8, 1.2, 2.2, 3.2, and 4.2 
wavelengths. Therefore, one couldn't 
easily design intermediate or longer 
boom designs (more on this later). 

Hoch published design curves for 
Yagis of any length up to 47 direc¬ 
tors. 131415 His initial work was based 
on the designs of Greenblum. 5 He was 
able to improve the patterns and gain 
as well as account for the boom cor¬ 
rections. Hoch's designs work partic¬ 
ularly well with booms 2 through 20 
wavelengths long. 

However, credit for the really serious 
work on tying down the optimum ele¬ 
ment lengths and spacings for Yagi 
antennas should probably go to 
Morris, 16 In his PhD thesis, he wrote 
computer programs to not only deter¬ 
mine Yagi antenna patterns but also to 
optimize the lengths and spacing 
based on the desired pattern and gain. 

Morris's work was followed by that 
of Chen and Cheng and others in the 
professional community who had 
access to large mainframe computers 
capable of handling the complex cur¬ 
rent matricies. 1716 The late Dr. Jim 
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bling of the boom length. Gain is 
shown both in dB over a dipole and dB 
over an isotropic. 53 

Therefore, using the graph in fig. 3, 
it can be shown that the highest pos¬ 
sible gain for a 5-wavelength boom 
Yagi is approximately 15,3 dB over a 
dipole or 17.45 dB over an isotropic 
radiator. In reality, it will seldom be 
possible to attain this gain. If you can 
get within 0.5 dB of the value shown, 
consider yourself lucky! 

2. A greater number of directors for a 
specific boom/ength can increase the 
bandwidth of a Yagi antenna and 
improve the radiation pattern. This is 


3. Yagi antennas with high gain usually 
have good front-to-back ratios. This 
isn't always true. The maximum gain 
and highest front-to-back ratio are not 
always coincidental for a specific 
boomlength. This means that for some 
boomlengths, either the gain or the 
front-to-back ratio may be optimum, 
but not necessarily coincident. 

The NBS Yagis are an example of 
this phenomenon."- 12 The 0.8 
through 4.2 wavelength models were 
carefully designed to have both good 
gain and reasonable front-to-back ratio 
at the same time. Viezbickie noted that 
the gain increased similar to that 
shown in fig. 3, but small oscillations 



EXISTING YAGIS 


fig. 2. These are suggested improvements to the 0.3 wavelength spaced design of Ehren- 
speck and Poehler.’ L D is the length of the last director in the original design. L x is 
5 percent shorter than l D and L y is 10 percent shorter than L D . The pattern is improved 
and the gain is increased by up to 1 dB. 


Lawson, W2PV, published similar 
work in the Amateur field, although 
his designs were limited to about 1.75 
wavelengths. 19 Finally, Stan Jaffin, 
WB3BGU, published a program to do 
Yagi pattern measurement with a 
home computer, 20 giving the enterpris¬ 
ing Amateur all the tools he or she 
needed to do serious Yagi design and 
optimization. 

facts and fallacies 

The above history is brief but 
necesary for understanding the devel¬ 
opment of the Yagi. Now let's proceed 
into the general area of facts and fal¬ 
lacies about it: 

1. The gain of a Yagi antenna is deter¬ 
mined by the number of elements. 
This is false. Gain is primarily a func¬ 
tion of the length of the boom. The 
number of directors and their length 
and placement on the boom is a 
secondary factor that determines 
whether the gain for a particular boom- 
length is achieved, as well as the band¬ 
width, pattern shape and sidelobe 
levels. 

Figure 3 is used to illustrate this 
point. This graph shows the highest 
possible gain that can be attained by 
a Yagi antenna on a specific boom- 
length (in terms of wavelengths). Note 
that the gain of a typical well-designed 
Yagi antenna increases in a logarithmic 
fashion at about 2.2 dB for each dou- 


true. There are a minimum number of 
elements needed for each boom- 
length. Evidence of this was described 
above in the discussion of the Ehren- 
speck and Poehler Yagi designs. 

However, if only this minimum num¬ 
ber of elements is used, the pattern 
may have poor sidelobes, the front-to- 
back ratio may be low, and/or the fre¬ 
quency operating bandwidth narrow. 
You may ask why the latter item is 
important, since most weak signal 
operators operate only over a narrow 
bandwidth. The reason is that less pat¬ 
tern distortion will be prevalent with 
lesser element tolerances, weather 
changes, or structural changes — e.g., 
if an element loosens or breaks. 


above and below the line were noted. 
He also stated in his report that cer¬ 
tain boomlengths had slightly higher 
gain. 

It has since been shown by com¬ 
puter analysis that certain boom¬ 
lengths naturally exhibit high front-to- 
back ratio and optimum gain simul¬ 
taneously. 19 

For the majority of moderate boom- 
length designs (less than 2 wave¬ 
lengths), and especially the NBS 
designs, the optimum boomlength 
tends to be a multiple of odd quarter 
wavelengths long (for example, 0.75, 
1.25, 1.75 wavelength, etc.). This 
probably explains why the particular 
NBS designs were chosen. 
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fig. 3. This graph represents the highest possible gain that can be achieved on a con¬ 
ventional (single plane) Vagi antenna. See text for further explanation. 


At my request Stan Jaffin, 
WB3BGU, ran some examples of my 
DL6WU designs' 5 on his mainframe 
computer program. 20 The results were 
quite interesting and I've plotted this 
data on the graph shown in fig. 4. 
Note that in the DL6WU designs there 
are also optimum boomlengths, but 
they seem to be spaced about 2 
wavelengths apart. I would recom 
mend using, if possible, the specific 
boomlengths where the front-to-back 
ratio is highest. 

4. Tubing and rods of the same diam¬ 
eter have the same electrical wave¬ 
length. This is definitely not true, but 
this fact appears to have escaped most 
Yagi designers, especially at the lower 
frequencies, where tolerances are not 
as much a problem as they are in the 
UHF range. The NBS Yagi designs 
used rods for their elements." There¬ 
fore, if you use an NBS design with 
tubing, the electrical length may not be 
the same as it would be with an 
equivalent rod. A UHF design may be 
slightly off frequency. 

This phenomenon was apparently 
known by those who did the NBS Yagi 
designs. One document showed that 
if the end of the element was 
hemispherical instead of a flush cut, 
the frequency shifted upwards. The 
recommended change was to add an 
overall lengthening factor of 0.4 times 
the diameter to the element (0.2 times 
the element diameter to each end of 
the element). 

Steve Powlishen, K1FO, has also 
noticed this phenomenon and has 
seen even a chamfer on the end of an 
element shift the frequency up perhaps 
1 MHz or so at 432 MHz. A word to 
the wise: if you don't use solid rods 
and/or don't cut the end of the ele¬ 
ment off flush, check the resonance to 
see if the frequency shifted upwards! 

5. Scaling elements must be done 
using the published charts and graphs 
simitar to those of Viezbickie, Reisert, 
and Hoch." uu ' s This is not true. 
Scaling performed on these charts can 
be accurate if you don't make any mis¬ 
takes in the process! 


However, scaling can also be done 
quickly — with probably greater 
accuracy — on a computer using the 
methods and equations 8 through 13 
proposed by Lawson. 21 These equa¬ 
tions can easily be programmed on a 
personal computer to yield rapid and 
accurate data without referring to 
graphs. 22 

6. The NBS designs are the best Yagi 
designs available. This is false. The 
NBS designs are good and reproduce- 
able. However, they represent only six 
specific models, as discussed above. 

Computer analysis has shown some 
discrepancies in these antenna 
designs. 19 Others have found that the 
patterns and gain don't match the data 
in the technical note at the design fre¬ 
quency on several of the models. Stan 
Jaffin, WB3BGU, has shown that if an 
extra director is placed approximately 
0.15 wavelength ahead of the driven 
element on the 4.2 wavelength design, 


the gain can be increased by almost 
0.5 dB. 20 This has been verified by at 
least one antenna manufacturer. 

The NBS designs are good and 
reproduceable. If you feel comfortable 
with them, and if the boomlengths 
presented fit your needs, by all means 
use them. Perhaps you should also try 
the extra director. However, if you add 
this director to an existing antenna, it 
will change the impedance match. If 
the boomlengths of the NBS Yagis are 
too short, try one of the DL6WU 
designs. 15 

7. The best reflector system is the 
trigonal method proposed by NBS. 
This is definitely not true. When I first 
tried this reflector system on a 3.2 
wavelength NBS Yagi, the gain 
dropped by almost 1.5 dB below the 
same antenna with a standard reflec¬ 
tor. Repeated tests showed that the 
reflector lengths suggested by NBS 
were definitely too short. 
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fig. 4. This is tabulated data from computer analyzed front-to-back ratio versus boom- 
length for the DL6WU Yagi designs.'* Note the boom lengths where the front-to-back 
ratio is naturally highest. 


I lengthened all three reflectors by 
0.007 wavelength, the length needed 
to make them similar to the existing 
single reflector. Voila! The gain came 
back to normal. Repeated measure¬ 
ments showed, however, that the gain 
of a trigonal reflector system over a 
single reflector as suggested by NBS 
was only about 0.1-0.2 dB with per¬ 
haps 6 dB better front-to-back ratio. In 
hardware alone, this represents quite 
an increase in mechanics and wind 
load I 

Several years later I mentioned this 
to Stan Jaffin, WB3BGU, and sug¬ 
gested that he could somehow test my 
theory on his computer program. 20 His 
tests confirmed my results and showed 
the same gain changes with the opti¬ 
mum lengthening factor to be 0.009 
wavelengths. 24 

8. The VSWR of an a Yagi is not im 
portant. This is false. Although a 
moderate (2:1) VSWR would not seem 
to be important, it can be detrimental 
at VHF and especially UHF. The rea¬ 
son is that the feedline losses increase, 
especially if the nominal insertion loss 
is high (> IdB). 

High VSWR can also be a sign that 
there is something wrong with the de¬ 
sign. I once noticed high VSWR on a 
commercial antenna, only to find that 


the position of the hole for one of the 
directors was misdrilled. In addition, if 
the VSWR on an antenna is low and 
it changes, this can be an indication of 
trouble. 

Then there's stacking, a typical way 
to increase gain on VHF and above. A 
high VSWR may have a very adverse 
effect when two or more antennas are 
summed together. Poor matching 
could divert more power to one of the 
antennas which would "hog” the 
power and thus decrease the anticipat¬ 
ed gain increase. 25 

9. Stacking antennas is a good way to 
increase gain. This is true. However, 
the antennas must be properly 
designed and stacked a certain dis¬ 
tance apart to obtain the increased 
gain. If the spacing distance is too 
close, the gain increase will be low. 
Stacking too far apart will increase 
sidelobes and noise pickup. The bas¬ 
ics of stacking are thoroughly dis¬ 
cussed in references 25 and 26. 

10. Elements that are insulated from 
the boom of. a Yagi work better than 
those that are in ohmic contact with 
the boom. This is definitely false. 
There are advantages and disadvan¬ 
tages to either type of mounting. 

Insulated elements are less likely to 
induce boom resonances on other 


bands, a common problem on HF. 
While it can be argued that the insula¬ 
tors don't corrode, it can also be 
proved that the dielectric material in 
the insulator can get contaminated or 
deteriorate with age and exposure to 
the sun and weather. 

Mounting elements in ohmic con¬ 
tact with a boom is a technique that 
has been around for a long time. This 
method is less likely to produce prob¬ 
lems with static buildup and stray HF 
pickup from the feedline. Usually this 
technique is easier to use, and if the 
elements are properly installed without 
dissimilar materials, the corrosion 
problem is minimal. 

Finally, some of the myths about 
element mounting have been per¬ 
petrated by those who say that 
antennas with insulated elements are 
detuned during wet weather. Tests 
have shown that by pouring water on 
an existing antenna with and without 
insulated elements that the detuning 
effects are about the same for either 
method using a similar Yagi design. 

The primary reason for detuning in 
a Yagi antenna during wet weather is 
the sensitivity to element diameter. 
When ice or water is present on an ele¬ 
ment, its electrical length is changed. 
The higher the gain and the closer the 
antenna is operated to its cutoff fre¬ 
quency, the more the detuning effect 
will be noticed. 

11. Boom corrections are not impor¬ 
tant since the boom does not detune 
the element. This is a serious miscon¬ 
ception. The easiest way to envision 
the electrical characteristics of a boom 
is that it shorts out part of the ele¬ 
ments. Therefore, any elements pass¬ 
ing near or through a boom must be 
lengthened to reestablish the intended 
electrical length. 

Fortunately, if too little correction is 
applied, the frequency of a Yagi is 
increased. It is well known that a Yagi 
antenna has a very rapid cutoff above 
resonance and a slow cutoff below 
resonance. Hence, if the correction 
factor is too small, only a slight degra¬ 
dation in performance will be noticed. 

Boom corrections seem to be a big 
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mystery despite the fact that they've 
been mentioned in the literature for 
many years. A correction must be 
made whenever an element passes 
through or within one radius of a boom 
with a diameter exceeding 0.0025 
wavelengths with respect to the oper¬ 
ating frequency (0.2 inches or 5 mm 
at 144 MHz). 

Several different correction factors 
have been considered. Many years ago 
a 66 percent correction was recom¬ 
mended for through the boom ele¬ 
ments. 5 Later we had the NBS correc¬ 
tions." 12 Then DL6WU proposed a 
correction factor.’ 3 Unfortunately they 
don't all agree, but they are close! I 
have shown these corrections in fig. 5. 

What if you don't go through the 
center of the boom or use insulated 
elements? I have measured some 
effects on my "backyard" antenna 


range. For mounting elements on top 
of the boom a la Cushcraft, the cor¬ 
rection seems to be about 0.32 inches 
(8 mm). Using through the boom insu¬ 
lated elements such as the K2RIW 
19-element 432-MHz Yagi seems to be 
about 40 to 50 percent of the MBS cor¬ 
rections. 

Finally, when mounting above the 
boom, I constructed a sort of pyramid 
correction factor shown in fig. 6. It 
can be used to estimate the percent¬ 
age of change based on where the ele¬ 
ment is mounted with reference to the 
boom center. For instance, if the ele¬ 
ment is mounted at least one boom 
radius above the boom there is no cor¬ 
rection, but mounting right on top of 
the boom would require about a 50 
percent correction as opposed to 
mounting directly through the middle 
of the boom. 


12. The material used for Yagi ele¬ 
ments is important. This is true. Alu¬ 
minum is preferred since it's easy to 
work with, light in weight, and very 
efficient. Furthermore, aluminum-to- 
aluminum contacts are recommended. 
Brass is also usable, but it gets quite 
brittle after exposure to the weather. 
Copper is usually too expensive, 
heavy, and soft. Stainless steel ele¬ 
ments, however, are not recom¬ 
mended since the skin effect will 
definitely lower antenna efficiency, 
especially above 1000 MHz. 

13. There is nothing wrong with 
changing an existing design. This is 
definitely false unless you really know 
what you're doing. For example, some 
Amateurs have tried to second-guess 
the NBS designs and have invented 
new variations. A 4.2 wavelength NBS 
Yagi model at432 MHz is less than 10 
feet (3 meters! long, while standard 
tubing comes in 12-foot (3.5 meter) 
lengths. Why throw away the extra 2 
feet (61 cm) of tubing, they ask? Just 
add on a few more elements to the 
extra tubing. 

This approach has always resulted 
in disaster. The element lengths and 
spacings for each specific design are 
carefully chosen to yield a certain 
phase velocity. Changing a design calls 
for a new phase velocity. Failing to 
obtain the correct parameters, or 
changing elements arbitrarily, will 
usually decrease gain and distort the 
antenna radiation pattern. 

What this boils down to is the fol¬ 
lowing: if you must redesign an exist¬ 
ing design, you can do so only if you 
have the proper tools at your disposal. 
These include, but aren't limited to, 
lots of know-how, an acceptable 
antenna range, perhaps a computer 
program, and lots of time and 
patience. Better yet, start out from 
scratch, using one of the NBS or 
DL6WU designs. 

14. Impedance matching is easy. This 
is true, but you must know what 
you're doing. For instance, the length 
of the driven element in a Yagi isn't 
critical, but the matching method may 
be. 
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fig. 6. This figure will allow you to approximate boom corrections if an element is not 
placed directly through the center of a boom. (See text.l 


It's been pointed out many times in 
this column that the Gamma match is 
especially poor above 150 MHz. Fur¬ 
thermore, Gamma matches often 
introduce unbalance into the antenna 
which may cause radiation on the 
feedline. A folded dipole with a 4:1 
half-wave balun is an acceptable feed, 
but it can be difficult to match if the 
feed point isn't the proper impedance. 

I personally prefer the "T" match 
(without series capacitors) with a built 
in half-wave balun. It's inherently 
balanced, easy to tune, and efficient; 
it also suppresses the possibility of 
feedline radiation. 

15. Computer-designed Yagiantennas 
are coming. This is true. First you'll 
have to have a computer program. 
Next, you'll need some antenna savvy 
on what to do to make a particular 
Yagi design work. 

The NBS and DL6WU designs can 
be used for starters. Just pencil up a 
Yagi design. Then tweak the element 
lengths and spacing on the computer 
until you get the desired pattern. 

I predict that before long, computer 
designs will be the most promising 
thing to happen in Yagi design in a 
long time. You'll be hearing more 
about this subject in the future. If 
you're so inclined, review references 
19 and 20. 

final evaluation 

Now comes the fun. You've built 
that new super-high- gain Yagi and 
want to know if it plays. First the 


VSWR has to be matched; the lower 
the VSWR, the better — but 1.2:1 is 
more than sufficient. 

If you have a radiation plot, your 
work is easy. Just measure the radia¬ 
tion pattern by the methods described 
in reference 23 and compare your 
results to the measured results. If the 
beamwidth is near the expected value 
and the sidelobes are down as many 
dBs as expected, you're probably in 
good shape. 

If the beamwidth is too wide, the 
sidelobes are better than expected, 
and/or the first nulls are deeper than 
expected, the antenna may be tuned 
too high in frequency. If the beam- 
width is too narrow, the sidelobes are 
worse than expected and/or the first 
nulls are shallow, the antenna is tuned 
too low in frequency. You're now on 
your way. 

summary 

This month's column was primarily 
aimed at taking the mystery out of 
Yagi antenna design and trying to dis¬ 
pel some myths. For those who are 
timid, the NBS"'’ 2 or the DL6WU 15 
Yagi designs are recommended. If you 
have a personal computer and can 
obtain a Yagi program such as 
MININEC or those mentioned in refer¬ 
ences 19 and 20, you can "roll your 
own" without even cutting a piece of 
tubing! 
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new records? 

One of the greatest magnetic 
storms in recorded history occurred 
on February 8 and 9, 1986. While 
the HF bands went dead, numerous 
auroral contacts were made as high 
as 432 MHz over some incredible 
distances. If you had an aurora 
QSO over a longer distance than 
showh in table 4 of this column in 
the July, 1985 issue. I'd like to hear 
from you so we can see whether 
you've set a new aurora record. 
Forms for authentication are avail¬ 
able for an SASE. 

A new 9-cm (3456 MHz) world 
record was made by VK5QR and 
VK6WG across the great Australian 
Bight for a distance of approxi¬ 
mately 736 miles (1185 km) on 
January 25, 1986. Soon afterwards, 
a new North American 13-cm (2304 
MHz) overland tropo DX record was 
made between W40DW and 
WB5LUA. Hearty congratulations 
to all! (Stay tuned for more details.) 


important VHF/UHF events: 

May 4: Predicted, peak of the Eta 

Aquarids meteor shower at 
1900 UTC 

May 8: ARRL 1296-MHz Sprint 

Contest 

May 10/11: Southern California 6-Meter 
Club QSO Party Icontact 
N6FSLI 

May 16-18: 12th Annual Eastern 

VHF/UHF Conference, 
Nashua, NH (contact W1EJ) 

May 17: ARRL 50 MHz Sprint 

Contest 

May 24: EME perigee 

June 6: Predicted peak of the day¬ 

time Arietids meteor shower 
at 0100 UTC 

June 7-8: ARRL VHF QSO party 

June 15: Predicted peak of the June 

Lyrids meteor shower at 
2100 UTC. 

June 21: EME perigee 

June 21: Mean date d one month for 
peak of Sporadic-E propa 
gation. 
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sporadic-E propagation 

From May through September the 
overhead sun fills the lower ionosphere 
with ions that support short-skip 
propagation, even multiple short skips. 
The geomagnetic field clusters these 
ions into cloud-like patches known as 
sporadic-E. These patches form a thin 
layer of intense ionization about 60 
miles (100 km) above the Earth. 

A patch gives a strong, mirror-like 
signal reflection over skip distances of 
600 to 1200 miles (1000 to 2000 km). 
Signals remain strong for about half an 
hour, up to a couple of hours after the 
onset of the first strong signal. 

Station location determines how 
strongly the sunspot/geomagnetic dis¬ 
turbances affect sporadic-E propaga¬ 
tion, with mid-latitudes the least 
affected and equatorial and polar paths 
the most affected. The best locations 
for these E s openings are in the North¬ 
ern Hemisphere from June through 
September and in the Southern Hem¬ 
isphere during their summer, Decem¬ 
ber through March. The best E s is on 
either side of the geomagnetic equa¬ 
tor; it's especially good where the 
geomagnetic equator is furthest from 
the geographic equator. These special 
areas are Southeast Asia in the North¬ 
ern Hemisphere and South America in 
the Southern Hemisphere, with the 
former the better of the two. 

The highest frequency propagated 
by E s occurs at local noon, following 
the sun across the sky. However, the 
highest probability of occurrence is 
near sunrise and again around sunset. 


Garth Stonehocker, kORYW 


These two characteristics of E s affect 
short-skip openings differently. Open¬ 
ings on the higher-frequency bands 
occur around local noontime; the 
lower bands tend to have openings 
near sunrise and sunset. 

Most of us don't live in the special 
areas. The maximum E s frequencies 
around the mid latitudes are 8 to 9 
MHz. With the oblique factor of 5 for 
a 2000 km maximum-hop, the E S -MUF 
becomes 40 to 45 MHz (almost 6 
meters). So while the 10 and 6 nieler 
bands have a good probability of open¬ 
ing up, 2 meter openings are rare 
indeed. 

last minute forecast 

The second and third weeks of May 
are expected to be the best for the 
higher frequency daytime bands, 10 to 
30 meters. The solar flux 27-day vari¬ 
ation should be maximum during those 
weeks. The lower frequency bands for 
daylight, short-skip, and nighttime DX 
are expected to be best the first and 
last weeks. Disturbed periods are pos¬ 
sible around the 10th and 21st, with 
MUFs down 15 to 20 percent on the 
first day of the disturbance. 

Of interest to moonbounce DXers, 
the lunar perigee occurs on the 24th. 
The full moon occurs on both the 1st 
and 30th of this month. The Aquarid 
meteor shower, of interest to meteor- 
scatter and meteor-burst DXers, peaks 
between May 4th and 6th, with rates 
of 10 to 25 per hour for the northern 
and southern hemispheres, respec¬ 
tively. 


band-by-band summary 

Six meters will provide occasional 
openings to South Africa and South 
America around local noontime by 
short-skip E s . 

Ten meters will be open to the south¬ 
east for a short period before local 
noon; to the south at noon and to the 
southwest after noon. Openings will 
last longer when the solar flux is at a 
maximum. 

Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty meters should stay open on 
long southern paths into the night, 
though 15 will drop out in the late 
afternoon. Operate on 15 first, then 
move down to 20 meters later. DX is 
5000 to 7000 miles (8000 to 11,300 km) 
on these bands. There may be some 
one-long-hop transequatorial propa¬ 
gation. 

Thirty and forty meters are both day¬ 
time and nighttime bands. Intermedi¬ 
ate distance operation, 1000 to 1500 
miles (1600 to 2400 km), in any direc¬ 
tion, is considered daytime DX. Night¬ 
time DX on these two bands may be 
expected to occur over greater dis¬ 
tances than on 80 meters and, like 80, 
will follow the darkness path across 
the sky. Signal strength and distances 
covered are lower on days of high solar 
flux values. In addition, no 30-meter 
openings will take place during the 
predawn hours on the morning after 
these high radio flux values. 

Eighty and one-sixty meters will exhibit 
short skip conditions during daylight 
hours and lengthen for DX near dark 
when the QRN isn't bad. Eighty meters 
will open to the east just before your 
sunset, swing more to the south as 
midnight approaches, and end up in 
the Pacific areas during the hour or so 
before dawn. (One-sixty opens later 
and ends earlier.) 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours. 

‘Look at next higher band for possible openings hdfTl TddlO 







































































































































































































































































































REVIEW 


Heath HD-1481 remote 
coax switch 

Hams have long known lhai Heathkit has 
produced some ol the most memorable and valu 
able pieces of Amateur Radio gear, from trans¬ 
mitters and receivers to simple but useful sta 
tion accessories. 

A lew years ago Heath came out with their 
first remote coaxial switch, the HD 1480. The 
beauty of this switch was that it allowed you to 
remotely select five antennas from a single feed 
line. This represented a significant cost savings 
in that you'd have to run only one coax line out 
of the shack to the switch; usually antenna feed 
lines from this point ate much less. It also 
improved reliability in that instead of dealing with 
as many as 10 PL 259s (five antenna feedlines 
at two each) corning otrl of yot/r shack, you'd 
have only two connectors. 

The HD 1480 used a wafer switch and a step 
ping motor. Two problems, however, limited die 
switch's usefulness. The first was that you 
couldn't remote the switch much more than 200 
feet from the shack due to power supply limita 
lions. (Heath did beef up the supply to correct 
this in all but die longest runs. I The second proti 
lem was that the installation required the use ol 
a separate control cable to run Ihe switch, mak 
ing installation more difficult and adding to the 
overall expense control cable isn't cheap 

The new HD 1481 remote coax switch solves 
these two problems in an interesting and innova 
live way. The control cable has been eliminated 
by using the coax itself to carry Ihe switching 
instructions but more on how this is done 
later You can remote the switch almost any dis¬ 
tance away from the control unit because there's 
very little voltage drop in the heavy conductors 
used in coaxial cable. Installation is greatly sim 
plified and consequently less expensive 

description 

The remote coax switch comes in two units. 
There's the switch that you remote at the 
antenna site and the powei supply/control unit 
that goes in your shack. The only interconnec 
tion necessary is the coaxial cable. 


The remote unit uses two heavy duty 24-volt 
DPDT relays as a switch. The unit is weather pro¬ 
tected by a high strength black plastic cover, arid 
all openings are sealed with silicone to ensure 
weatherproofing. It mounts via a single U clamp 
arrangement. 

The power supply/control unit includes a 
24 volt power supply and a rotary switch that 
selects the appropriate polarity voltage to make 
the switch work 

theory of operation 

I'm sure that by now you've either figured out 
how you can select four antennas with this 
switch or that you're fully confused. Fear not. 
Here's how it s done: 

In switch position 1, no voltage is applied to 
the coax and Antenna 1 is selected. In position 
2, the 24 volt AC is rectified to produce a posi 
tive24 volt DC voltage. This is injected into the 
coax and enetgizes Relay 2 at the remote switch 
end and Antenna 2 is selected. In position 3. this 
is reversed: negative 24 volts is injected into the 
coax, energizing Relay 1 and routing the RF to 
an unenergized Relay 2 and Antenna 3. Finally. 
Antenna 4 is selected by sending AC to two 
diodes in the remote switch that energizes both 
relays. Sounds simple, doesn't it? 

construction 

Typical of a Heathkit, the instruction manual is 
clearly written, explained, and fully illustrated to 
minimize confusion and troubles during con 
struction. I have the impression that Heath has 
gone to considerable time and expense making 
the manual easier to use than the ones that 
accompanied its kits of 10 to 15 years ago. 
(Maybe this is a sad commentary on the level 
of technical awareness of the average Ham 
nowadays?) The circuit diagram along with the 
exploded drawing should be more than enough 
to allow completion of this project wrth a mini 
mum of fuss and trouble 

After completing a couple of tests you’re ready 
to install Ihe remote switch, a few antennas, and 
presto that's itf 

use 

I've installed the switch out at my 160 vertical, 
which is located over 200 feet from the house. 
For starters. I've installed 80 and 40 metei 
antennas and have had no problems using either 
low or high power switching between any of the 
three antennas. 

Heath includes self adhesive labels so you can 
mark the antenna by both band and design, a 
neat extia touch 

I expect that this switch will give the average 
user thousands of hours of reliable use with few. 
il any, problems. 

For more information, contact Heathkit. Ben 
ton Harbor, Michigan 49022. 

NIACH 



products 


new IC-751A base station 
transceiver 

The ICOM 1C 751A 100 wait HF base station 
Irasceiver and general-coverage 1100 KHz-30 
MHzl receiver incorporates the high performance 
features of the 1C 751 with now, improved lea 
lures requested by hams worldwide. This newly 
designed, top-ol-the line HF transceiver includes 
the following: 

•All modes (USB, LSB. AM. FM. CW. RTTY) 
aie built in 

• 100 duty cycle transmitter 

• 105 dB dynamic range 

• 12 volt operation 

•Electronic keyer unit is included 1 

• FL 32A 9 MHz at 500 Hz CW factory installed 
filter 

•QSK up to 40 WPM 
•New LED annunciator 
•32 memories 

•Thermo sensor lor improved stability 
•Now 9MHz notch filler 
•New AGC and improved noise blanker 
•CW sidetone lor code practice 

• Low noise receiver 



Optional filters include Ihe FL 52A CW 455 
KHz at 500 Hz. FL 53A CW N 455 KHz at 250 
Hz, FL 63A CW N 9.010G MHz ar 250 Hz. FL 33 
AM 9.010 MHz at 6 00 Hz. arid CR 64 high 
stability 30.72 MHz crystal filters. 

The 1C 751A will he available in April 1986 and 
will he displayed in the ICOM booths at Ihe Day 
ton Hamtest (April 26 271 

For details, contact ICOM America, Inc.. 2380 
116th Avenue NE, Bellevue. Washington 98004 
Circle /317 on Render Service Cord 


current probe 

The new MFJ 206 Antenna Current Probe 
determines the current distribution and RF radi¬ 
ation pattern of antennas, transmission lines, 
ground leads, building wiring, guy wires, enclo 
sures. shields, etc II monitors RF currents by 
sensing the magnetic lield around a current 
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carrying conductor. II uses an electrostatically 
shielded ferrite core tuned circuit, and FET RF 
amplifier, and an operational amplifier meter cir¬ 
cuit for excellent sensitivity and selectivity. 

It can he used to adjust an antenna for maxi¬ 
mum efficiency, gain, and F/B ratio to improve 



DX, and to determine whether a ground system 
is effective so you can radiate more power. You 
can also use it to determine the best place to 
mount a mobile antenna on a vehicle for a 
stronger signal and eliminate RFI by pinpoint¬ 
ing leaky shielding. It can even be used as a sen 
sitive tuned field strength meter. 

The MFJ Antenna Current Probe is powered 
by a 9 volt battery and covers 1.8 to 30 MHz in 
five ranges. It includes a telescoping antenna for 
the field strength meter, and sensitivity and tune 
controls are provided.'Also included are an on/ 
off switch, a power LED indicator, and ar\ inter¬ 
nal meter zero adjust. 

The retail price of the MFJ 206 is $79.95. 

For information, contact MFJ Enterprises, 
Inc.. P.O. Box 494, Mississippi State. Mississippi 
39762. 

Circle /316 on Reader Service Card. 


antenna traps 

G2DYM Aerials, makers of the well-known 
Anti TVI trap dipoles, has announced the avail 
ability of new traps for 10 and 15 meters. A 
6 inch length of aluminum tubing at the end of 
each trap facilitates the construction of two and 
three element rotary tribanders, rotary tiibander 
dipoles, and trap verticals, either quarter or half 
wave in height. 

Prices are as follows: 10 and 15 meter traps, 
$16 plus $5 shipping: kit of lour traps for rotary 


dipole, $5<1 plus $8 shipping: kit of eight traps 
for 2-element tribander, $105 plus $10 shipping; 
kit of twelve traps for three-element tribander; 
and kit of two traps for vertical, $27 plus $6 
shipping. 

For information, contact G2DYM Aerials, 
Uplowman, Tiverton, Devon, England EX1670H. 

Circle #316 on Reader Service Card. 


buying, installing 
marine electronics 

In his new book. The Straight shoo tor's Guide 
to Marine Electronics, Motor Boating & Sailing 
Magazine columnist Gordon West speaks frankly 
buying and installing marine electronics gear. 

According to West, "More and more mariners 
are doing their own installation of marine elec¬ 
tronics. In my book I tell them where to get the 
best deal, how to buy the equipment, and final 
ly, how to install it so it meets the criteria to be 
covered under a manufacturer's warranty. I also 
talk about the necessary FCC licensing as well 
as steps to avoid electrolysis." 

Topics covered include depth sounders, hand¬ 
held and 25-watt VHF radios, marine SSB ra¬ 
dios and ham radios; VHF and MF direction 
fiders, LORAN equipment, satellite navigation¬ 
al receivers, and automatic pilots, among others. 

Personally autographed copies are available 
from Gordon West Radio School, 2414 College 
Drive, Costa Mesa, California 92626 for $9.95 
plus $3,00 postage and handling. 

Circle /314 on Reader Service Card. 


cable and connector guide 

Nemal Electronics international has published 
a comprehensive guide for the selection of elec¬ 
tronic wire, cable, and connector products. The 
32 page guide contains detailed specifications 
and illustrations of over 550 items, along with 
cable construction and performance charts, and 
a complete tooling cross reference. 

Among the 32 product categories listed are 
fiber optic cables and connectors, plenum ca 
bles, satellite control cables, and numerous RF 
and data connector types. Nemal's new cable 
and connector selection guide is available for 
$4.00 (credited with a $50.00 order). 

For information, comact Nemal Electronics, 
12240 NE 14th Avenue, North Miami, Florida 
33161. 

Circle /313 on Reader Service Card. 

replacement mic 
for discreet 
communication 

Ace Communications, Inc. has introduced the 
IECS-200 Inter-Ear Communication System. The 
I ECS-200, which replaces any HT's speaker 
microphone, allows the use r to speak as well as 
listen through the earpiece, protecting the priva 
cy of communications 


r — -\ 



STATE OF 
THE ART 

The ARRL 1986 Handbook For 
The Radio Amateur carries on (he 
tradition of the previous editions 
by presenting 1192 pages of com¬ 
prehensive information for the 
radio amateur, engineer, tech¬ 
nician and student. Paper edition: 
$18 in the U.S., $19 in Canada, and 
elsewhere. Clothbound $27 in the 
U.S., $29 in Canada and elsewhere. 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 
NEWINGTON. CT 06111 


124 


S ATELLITE 
ITER 

AYERS, INC. 

INSTALL YOUR OWN 
SATELLITE SYSTEM 
& SAVE DIG $! 

DRAKE, CHAPARRAL, DX, 
HOUSTON TRACKER, 
PANASONIC, STS, TOKI, 
NIDEN, RAY DX, LAUX, 
PARACLIPSE, ECHO, 
WINEGARD, PRECISION 
SPACEMATE. 

v* 125 

COMPLETE SYSTEMS 
OR COMPONENTS. 

CALL FOR PRICE LIST, 

OR QUOTES. 

1 - 600 - 466-3478 

IN MISSOURI 

1 - 314 - 838-0364 
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Barru Electronics Corp. 

m WORLD WIOE AMATEUR RADIO SINCE 1950 I 


Your one source for all Radio Equipment! 


Coma to B*r»y‘» lot the best buys In town 


MAY W. M*i P Vo*» With in. IMm( In Ommw- 
cUJ Md A/nat.ur n*dk>«7 Ian K«3KV, tonl. 
KKIy WA2NAN. Wnrh K2C0R 
Coma ta Yaatu WHk al Barry a 5/11-5/18 
Yonu n.pa on SdunU) 1117 

KENWOOD 


ONV Setety 
belts in stock 


IC-R71 A. 751. 745. 27A/H. 37A. 47A. R- 7000. 
1271A. 271A/H, 3200A, 471AIH, 735 


1 

1 


TS440SMT. R 1000. R4000. TS-040S/AT 
TM-2010. IR26/3600A .TM2570A/50A/30A 
TW4000A Kenwood Seivrf.o/Repait 

TH21/31M1AT. TM-211A/ . - 

411A A TS711Ard11A jti i MM 

COMPUnRC OatNOUtSHEAS 
OL-5CQQE nmriAMTOR TERMINAL Q I ■■ <’I 


wA\iisy 

FT-ONE, FT-980. FT 7S7GX. FRG-8603 
FT-726R. FRG-9600. FT-270RH. FT 27O0RH 

TAEGU IC0M 4jSaSgS^« 
mu/raw IC2AT w “,7n ui.^ 
n ?/70#lV»t IC02AT va.iu i ic 7701 M «ioi '■ 
rr 19011173 IC04AT i CO m ic Ml} iMimo.iMW 
■ iCazaub i.m,« h \ 


PRIVATE PATCH III In stock 
FLUKE 77 Multimeter 


VoCom/Mlrege/Oaiwe 
Tokyo Hy-Power 
Amptlllere & 

SI8XHT Gam 
Antennas IN STOCK 


0^ 

\ Jj,, so 


Allnco 

Power Supplies 


AMERITRON AMPLIFIER AUTHORIZED OEALEft 

Yeesu FTR-2410, Wilson 


Nye MBV-A 3 Kilowatt Tuner 


Iinnrin^.w.ninw.1 ST-U20JP 

ICOM IC-RP 3010 (440 MHrJ H f 7 
ICOMIC RP 1210 (1.2 GHzJ 


1 AEA 144 MHz 

AEA 220 MHz 
AEA 440 MHz 

antennas 


\ Al Soldering Computer Interfaces 
Station. Slocked: MFJ1224 

AEA CP-1. PK-80, OR.OX 
48 Watts. $88 CP100 PK-84. Or. OSO. 

JHC »0M**.na ||M m Mix* MOfSO UniwoisMy 

MICROLOGAIR I, Air Disk. 
swi. Momo Coach g 

KANTRONICS ■ m mo 

UTU, Interface M. UTU-XT. ® 

Cnollenfler, Packet Comm Wt ^ 

3 500Z f .Tfcr 

S728,6JS6C^^1m» 
12BY7A4 If 


jiu, imonoco 
lallenflor, Pad 


Complete Butternut Ant(jr*n» 
Invonlory in Slock* 


(NQITAI FREQUENCY COUNTERS 



SANGEAN Portable Shortwave Radio* 


. »I heil 

OOO EQUIPMENT 

------ INSTOCK 


W BIRO 
wnftmeiors &-,] 
Elements 
In Slock - 



ASTRON POWER SUPPLIES 
Saxton Wire & Cabti* 


New TEN-TEC 

2591HT, Cotmalr II, Argosy It, Century 22,2S10 


MAIL ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. N Y 10012. 


“Aqul S# Habta Ctpanol” 

BARRY INTERNATIONAt. TELEX 12-7670 jJJJU 

MERCHANDISE TAKEN ON CONSIGNMENT M-iua 

FOR TOP PRICES 

Mw»diy-riMS4*-9 A V 106-JOPM TlHMM« 1«» V W !■•»« 
G41t.<(Ja* 4 Soman HI A M to 5 PM tFie* Pi!*lf»0) «»c P 

AUTHORIZED DIETS MCKAY DYMEK FOR tu,to » 

SHORTWAVE ANTENNAS & RECEIVERS - 

IRTJLEX-"Spring Si Siailon’ _ 

Subway a flMT "Prince Si Station" E.p^w^i 

INO -F” Traln-Bwy Sialion' help wanted 
Bub: Broadway *6 to Spring St. Youngo»otd 

p»in-*th strain Are Station ~ 


CoiMiHHcUt EeuUKhonl 
illocked ICOM. UA.«cr> 
Sluihld. \Vi» 


TIM, Civil tlcl.n*., 
: Portibtev «riGtMIM. 


We Slock: AEA. ABRL, Alpha, Amoco. Antenna Specialism. Astatic. 
A»lion. 8 4 K. 8 & W. Bash, Benchor, Bird, Butiemul. COE. CCS. Collin*. 
Communication* Spec Connector*, Cowcraff, Cushcrafl. 

Daiwa. Oentron, Dlglmav, Drake, ETO lAlphai. Eimac. Encomm. Moll 
Sound. Henry. Hustler (Newironics). MyGain, icom. KLM. Kanlronlc*. 
Larsen. MCM (Daiwal, MFJ. J.W. Miller. Mini Products. Mirage. 
NOwliomcs. Nye Viking. Palomar, RF Products. Radio Amateur Catlbook. 
Robot. Rockwell Collins, Santon. Sliure, Teles. Tempo. TanToe. 

Tokyo Mi Power. Triony« TUBES, W2AU. Weber. Wilson, Yaesu Mam and 
Comme/cinl Radios. Vocorn. Vibrople*. Curlis. T»l-E«. Wacom Duplexers, 
Repealers. Phelps Dodge. Fanon Intercoms. Scanners. Crystals .Radio 
PuWIcalloni 


- 1 WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS j 

,_j. DEALER INQUIRIES INVITED PHONE IM YOUR ORDER 4 BE REIMBURSED I 

i^O) COMMERCIAL RAblOt etocked A eamlead on premleea. 

Amateur Radio Courses Given On Our Premises, Call sales 

Export Ordara Shipped immediately. TELEX 1 2-7070 FINAL 


COM PACT 75 M SSB TR ANSCEIVER W 

Complete Kit 

$199. 95 J' 

plus S3.QO 

Dimensions 2'x6 # x 6* 

I 

Frequency 3 8-4.0 mHz R 

Sensitivity 0.5 for 10 d8 S/N II 

Selectivity -6 dB 2.4 KHz 11 

Soft VSftSStfJS? See Us Al Oaylon looth #355 | \ 

TRANSMITTER: ^ 

Frequency 3.8*4.0 MHz 

Output 30 watts into 50 ohms 

Harmonics ^ dB. 3" -55 dB POWER REQUIREMENTS: «. 
SWR Immunity 30:1 <26 all phase anQies Voltage 28 Vdc reyulated 

ALC Amplified, fast response rate (quasi-processing) Current 2A transmit. 65 mA receive 


Complete Kit 

$199." 

PIUS S3.QO 
shipping and 
handling 


1986-87 

CATALOG 

50 <J 




RADIO KIT 
BOX 411H 
Gre«nvllle. NH 
03048 

1603)878-1033 
tele* 887697 


^r \m i B 
il Q 

irnvs 


products 

The IECS-200 measures only 2 x 2.9 x 0.9 
inches. Housed in a durable metal case, it can 
be clipped to the belt or holstered. Custom hy¬ 
brid audio processing circuitry provides natural 
audio reproduction lor various applications such 
as law enforcement, military service, and con¬ 
struction. 

For information, contact ACE Communica¬ 
tions, Inc., 22511 Aspan Street, Lake Forest, 
California 92630-6321. 

Circle 1312 on Reader Service Card. 


146 and 440 MHz mobile 
antenna 

Austin’s new 19-inch Model 500C antenna is 
designed using state-of-the-art technology cur¬ 
rently being used in the cellular radio field. 
Ruggedly built with a low design profile, it takes 
advantage of several patent-applied-for tech¬ 
niques that enhance its radiation efficiency. The 
antenna uses the standard Motorola vehicle 
mount (not supplied). 

On 146 MHz, it uses the vehicle body as a 
ground plane and is a 1 /4 wave vertical with an 
elevated feedpoint. This technique brings the 
main lobe down to 16 degrees above the hori¬ 
zon; this lower angle of radiation improves the 
antenna's ability to get into distant repeaters. 
The standard 1 /4 wave vertical has a main radi¬ 
ated lobe of 60 degrees above the horizon (the 
5/8 wave is 22 degrees). Overall bandwidth is 
around 20 MHz; the antenna is rated at 100 
watts. 

On UHF, the 500C operates independently of 
the vehicle and is a 1/2 wave element. Tuning 
of the 1 12 wave stainless steel whip is achieved 
in the re-entrant cavity. 

The retail price is $49.95: the Motorola MAG 
Mount is priced at $39.95. 

For information, contact Austin Custom An¬ 
tennas, P.O. Box 357, Sandown, NH 03873. 

Circle #311 on Reader Service Card. 

new Yaesu duplexer 

Yaesu Electronics has announced the release 
of the new AD-2 Duplexer for the FT-2700RH 
Dual-Band FM Transceiver and FT-726R VHF/ 
UHF All Mode Transceiver. The AD-2 provides 
for semi or even full-duplex VHF/UHF cross¬ 
band operation with a single 2-meter/70 cen¬ 
timeter dual band antenna. The single antenna 
serves for both transmitting Ion one band) and 
receiving (on the other band), simultaneously. 
Band-to-band isolation of more than 50 dB 
assured minimum receiver interference between 
bands.At high power lup to 50 watts), there is 
minimal insertion loss of transmitted power or 
received sensitivity. 
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specifications: 

pass bands: 140 150 MHz 

and 400-450 MHz 
maximum power 50 wans 

insertion loss: VHF less than 0.3 dB; 

UHF less than 0 5 dR 

impedance: 50 ohms 

VSWR: less than 1.2:1 

receive isolation: 50 dB 

For details, contact Yaesu Electronics Corpa 
ration, 17210 Edwards Road, Cerritos, CA 90701. 

Circle /310 ort Reader Service Card. 


newsletter Index 

Alter serving the owners of Yaesu equipment 
for 14 years. Milt Lowens, N4ML, has an 
nounced the termination of the publication of 
the FT Newsletter, the official journal of the In 
ternational Fox-Tango Club, which he organized 
in January 1972. All of the hack issues of the 
Newsletter have been republished in calendar- 
year volumes, mostly in booklet form; each has 
its own index. 

To simplify the task of selecting the volumes 
most appropriate to individual needs, Fox Tan 
go has also published a comprehensive 32 page 
cumulative index covering the years 1976 
through 1985 in detail, and summarizing the 
years 1972 through 1975. Most articles are 
grouped according to model number (FT-101. 
FT 757, etc.); within such groupings, newslet 
ter articles are listed chronologically by year and 
page; by topic Isuclt as user report, modifica 
lions, etc,); and by title and author's call sign. 

The price of the index (including a rebate cer 
tificate creditable towards tire purchase ol news 
letter volumes) is $4.00 postpaid in the United 
States and Canada (elsewhere, $5,001. 

Fot information, contact Fox Tango Corpo¬ 
ration, Box 15944, West Palm Beach. Florida 
33411, 


super-small encoder- 
decoder for portables 

Communications Specialists, Inc., ol Orange, 
California has announced availability of their 
TS-32HB Super Microminiature Programmable 
Encoder-Decoder for handhelds. The TS 32HB 
conies in two different configurations to take ad 
vantage ol the limited space available in the new 
er super-small handheld radios. The TS 32HBH 
measures 1.5 x 0 65 x 0.65 inches. The TS 
32HBL. lower in profile, measures just 1.5 x 1.2 
x 0.4 inches. 

Programming the 32 available CTCSS EIA 
tunes is done through a five position DIP switch 
mounted on the hoard, and installation is sim 
plified by the use of two plugs with color coded 
cables attached. A crystal controlled clock os 
cillator allows excellent stability under all con 
ditions, and sensitivity is rated at 6 mV RMS for 
use with the lowest output receivers. Decode 
bandwidth is 1 1.5 Hz. The TS-32HB provides 
arr adjustable smewave output and encodes with 
an accuracy of '0.1 Hz maximum at 40 



degrees C to i 85 degrees C. Output level is 6v 
P P across 10k. 

Priced at $64.95, the TS-32HB is in stock for 
immediate delivery and is covered by a full one- 
year warranty. A catalog is available on request. 

For details, contact Communications Spe 
cialists, Inc., 426 West Taft Avenue. Orange, 
California 92665 4296. 

Circle /307 on Reader Service Card. 


Commodore/ICOM 

interface 

Microcomputer Electronics Corporation has 
announced the release of the new MFC 71 n, a 
computer control interface for Commodore 
64/128 computers and ICOM R71A and 751. The 
MEC 71n is easy to use; screen menus guide the 
user through operation of the system. Features 
include UTC lime dispay, frequency display con 
trol with 10 Hz resolution, mode display/control 
including narrow filter status, and single page 
viewing of ICOM's 32 internal memories. Full 
control of the ICOM's 32 internal memories, Ire 
quency stepping with selectable steps, and com 
plete VFO and memory control, including VFO/ 
memory exchange, are included. 

The MEC 71 u is designed to be used with the 
ICOM EX 309 module, available at low cosl from 
any ICOM dealer. The ICOM EX 309 is easy to 
install in the radio. The MEC 7)r< plugs into the 
expansion port ol the 64 or 128 computer and 
a cable exiting from if plugs into connector 
provided with the ICOM EX 309 module. 

The MEC 71«* includes a 90 day warranty and 
a comphrehensive user's guide lor detailed infoi 
malion on system operation. 

The MEC 71*», priced at $199, is designed and 
manufactured by Microcomputer Electronics 
Corporation and is distributed by the Electronic 
Equipment Bank. 516 Mill Street, Vienna. Vir 
yinia 22180. 

Circle #308 on Reader Service Card. 


infra-red sensing 
digital thermometers. 

North American SOAR has announced the 
release of four infra red sensing digital ther¬ 
mometers. 

Model TX-700L is <i general purpose, hand 
held, battery operated portable instrument that 
can measure an object's temperature with a 
6 inch (150mm) spot size at a distance of 16 feet 
(5 meters). Model TX 700S uses an LED as a 
spot marker, making aiming easy and sure. 


MULTI BAND TRAP ANTENNAS 






TRAP DIPOLES: 

Uttftl S»wJi 

0 tP iir.'U *S> 

(t V «0>'Sr..VM9'-S0 


II 


TRAP VERTIC.J "•‘ SL0PERS":" 

v?, 4i 1 /« 

vSS? io *v *.i (jt! ; i-. 


ALL I HAP ANTENNAS an: Heady fu ur.e factory assembled 
•Commercial Quality Handle lull power Comes complete 
with Deluxe traps. [Minus center r .omwetor 14 pa Sir aimed 
Upper Weld an! wile amt Enu insulator 1 * Automatic Hand 
Switching Tuner usually never required fur an transmit 
lets Receivers & transceivers Tor all class amateurs One 
teeillme works all bar.ds Irish unions included H) day 
money Back guarantee* 

SINGLE BAND DIPOLES (Kit form); 

NMii Bins LtnyiA Pf«* 


me;maos assembly miltuchom. Deluxe cwU't connei.nn >4 
ga Stranded Copperttcid Antenna who ana (ml msulatms 

COAX CABLE; (includes Pi J?W connector on each end) 

»»P« 


DELUXE CENTER CONNECTOR 

* Ml All:.' hUi-, rt'rf.Yuv 

• Ml Jiifiper W.‘P‘. W»*l 



DELUXE ANTENNA TRAPS: CoiniMely a»k« 4 

weatherproof Solid buss terminals Handles lull 
Powei NO jumpers HO Soidtmm) 
instructions muuCeu 
m * for 4 Band Dipole Am 

i 4()/?0'' tfi' HI S36 IHKpr 

for 'j barrd Dipole Ant 
" » 8fl/W'20'tVt0 

S3B 00.pt 

ORDER DIRECT FROM FACTORY All olttm sti «w US 
Puiltsml VISA/MC vive am • (>i> dam Sign,lime 


SPI-RO MANUFACTURING, INC. 
Dept. 103. P.0. Box 1530 
Hendersonville,' NC 28793 

Dealer Inquiries Inviteti 
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AZOTIC INDUSTRIES 

2026 W BELMONT 
CHICAGO. IL 60618 
312-975-1290 


ELECTRONIC COMPONENTS a SUPPLIES 


If H. l i JNMf: ‘ OR! 

|i :,t ifiMiNrA ii iRi- 


• Ml CONNl'C I ( IMS 

• t n, i uNNfnnns 

• a i in in ( i -NNf c T ' 

• i I Nr ah if: s 

• Hh’.HAl «... H 

• W'AN'if' >HMf: H*- 

• Ml TERS. 

• O R CABi I 

• DiSKf ! ? I; S 


• Mr • ff : s t |-U( Mf 1 

• INANSISIONS 

• liiOUfs 

• rMiMf.Af'- 

• Mf: l AYS 

• SWI t CHI- s 


VISIT OUR RETAIL STORE 
HRS MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 
312-975-1290 127 






Measure Up With Coaxial Dynamics 
Model 85A Termination Wattmeter 


A direct-reading instrument for servicing 50 ohm communication systems and 
maintaining them at peak operation. 



The Model 85A features: 

• Dry load no coolant required. 

• Replaceable connectors, interchangeable without affecting instrument 
calibration. 

• Four power ranges easily switchable — 

0-3/15/50 and 150 waits full scale. 

• Frequency Range: 20 lo 512 MHz 

• Accuracy: ± 5% OFS 

• Temperature Compensated 

Contact us lor your nearest g 
authorized Coaxial " 

Dynamics 
representative or 
distributor in our 
world-wide sales & 
network. 


COAXIAL 
DYNAMICS, INC. 


Induslrial Parkway 
Cleveland. Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 


Service and Dependability.. .A Part of Every Product 
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SPECIALIZED COMMUNICATIONS 
FOR TODAY S RADIO AMATEUR! 

® lf you are ACTIVE in FSTV 

SSTV, FAX, OSCAR, 

RTTY, EME, LASERS 
or COMPUTERS, you need 

“THE SPEC-COM JOURNAL™” 

Published 10 Times 
Per Year 
ByWBOQCD 

CALL TOLL-FREE 1-800-628-2828 ext. 541 

...and place your subscription order today! Our Membership Services 
HOTLINE is good for all 50 U.S. States including Hawaii & Alaska and ALL of 
CANADA! U.S. subscriptions $20 per year. Foreign slightly higher. 
Back issues are also available for $2.00 each prepaid. 



THE SPEC-COM JOURNAL 


fOcnwrrCafdj 

P.O. BOX H, 



LOWDEN, IOWA 52255 


Credit Card Ordare (5% added) 


Iowa Raaldanta Add 4% State Salaa Tax 
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Models TX-710L and TX-710S are monitor ver¬ 
sions (i.e., no pistol grip) of the TX 700. 

The TX 700 Series units are small in size, light 
in weight, and easy to use. These units meas¬ 
ure an object's temperature without touching 
and are highly accurate with resolution to 0.1 
degree C. A Data Hold function is trigger acti* 
vated and readings are viewed on a large 3-1/2 
digit LCD in approximately half a second. The 
TX 700 Series has a high-low limit set capabili¬ 
ty with alarm output; it also has an analog sig¬ 
nal output. An automatic “low battery" 
indication appears in the LCD readout when the 
battery's voltage falls below operating level The 
TX-700L/S can be AC operated using an adap¬ 
ter provided. The price of the TX-700L is 
$1470.00 and the TX 700S is $1495.00. 

For more information contact North American 
Soar Corporation, 1126 Cornell Avenue. Cher 
ry Hill, New Jersey 08002 

Circlo /306 on Reader Service Card. 

simplex autopatch and 
HF base station 
control system 

The Com-Shack 64 has been designed to give 
the ham shack a new dimension in user control. 
The full featured simplex auto-patch and HF 
remote base operate under control of the Com¬ 
modore 64 computer. A clear digitized human 
voice announces your call sign and alerts you 
to an incoming call. All parameters such as tim 
ing windows and time-out controls are adjustable 
trom a user-lriendly menu. A real-time menu dis¬ 
plays all system parameters. Call waiting and last 
number memory leatures are included. The 
autopatch works on any phone line in either tone 
or pulse mode. A Yaesu 757 and a VHF/UHF 
transceiver are all that are required to complete 
the setup 

A fast-scan and a slow-scan mode provide 
remote tuning on all bands. The hardware inter 
face board plugs into the I/O port of the Com 
modore 64 or 128. All hardware and cables and 
connectors are supplied along with a program 



















The Model DX-A combines the tremendous firepower of the quarter 
wave sloper with the wide bandwidth of a half wave dipole. Simple 
to install, quick to tune. Proven longhaul DX performance. 


• Installs like an Inverted-V dipole. One leg 
for BO meters (67') and the other leg for 
160/40 meters (55’). Fed with a single 

SO ohm coax. SO-239 connector provided 
on mounting bracket. 

• Configuration provides wide bandwidth 
on all three bands, typically 70 kHz on 
160 meters. 200 kHz on 80 meters and full 
band on 40 meters. Much wider than most 
other loaded slopers. dipoles or verticals, 
timer usually not required. 

• Model OXA also operates on 30-17-12 
meters. VSWR of less than 2.5:1. Easily 
matched with a tuner. 

• High-power operation. Rated at 1500 
watts RE P output No traps to break 


down. A single "ISO-RES" isolator-resonator 
is used in the 160/40 meter leg. 

• Current lobe up high for maximum radia¬ 
tion and excellent DX performance. Can be 
installed from 25 to 40' high. 

• The Model DX-A Antenna is fully assem¬ 
bled. uses all stainless steel hardware, a 
UV-protected ISO-RES ' coil. *12 copper 
wire and is rated lor severe environments. 
Specially coated wire disappears from your 
neighbors view. 


i JM Aap Available from 
* Mm your local 

■■Ml Alpha Delta Dealer 

• m^ or add S4.00 shipping 
and handling (USA only). 




P.O. Box 571 Centerville, OH 45459 

(513) 435-4772 Orders • (513) 376-4180 Antenna Tech Info 
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current solutions to current problems 


T15 


BRAND NEW JUST RELEASED 


"• THE RADIO AMATEUR'S 

MICROWAVE 

COMMUNICATIONS 

HANDBOOK 

I MV I IM..KAM, KIRN | 



The Radio Amateur’s 
MICROWAVE 
COMMUNICATIONS 
Handbook 

by Dave Ingram, K4TWJ 


Explore the world of 
Microwave communication! 

One of Amateur Radio's last fron¬ 
tiers is the microwave region. This 
book is the first available to give 
this ever expanding area of Ama¬ 
teur communications unique 
treatment. Areas covered include: 
communicatons equipment for 
1.2, 2.3 and 10 GHz, networking 
and data packeting concepts with 
special attention to 24 GHz sys¬ 
tems, design parameters, rf and 
environmental considerations 
and system design suggestions 
for future growth arid modification, 
projects and much more. You also 
get information on TVRO and 
MDS systems with suggestions 
and ideas on how to build your 
own. 1985 184 pages 1 st Edition. 

T-1594 Softbound $12.95 

Please add S3 50 lor shipping and handling 

Ham Radio’s Bookstore 

Greenville, NH 03048 



products 


disk and instruction manual. Easy lo install, the 
system is priced at $229.95 

The Corn-shack 64 is available from Engineer¬ 
ing Consulting, 583 Candlewood St., Brea, 
California 92621. 


affordable tool kits 

Jensen Tools, Inc. has introduced a new eco 
nominal line of electronic/electrical tool kits (or 
students, hobbyists, and in-house service depart 
merits. While not as comprehensive as the 
professional Jensen line, the new Telvac kits 
include tools (or most service needs and come 
in a choice o( attache or zipper style cases. 

The tool selection includes more Ilian 30 stan 
dard tools for servicing electronic and electrical 
equipment as well as for model building. Tools 
are supplied in single pallet attache-style cases 
o( wood/vinyl or aluminum/vinyl construction, 
oi in a heavy duty zipper pouch case. 



Telvac. Kits are ideal lor lliose seeking a highly 
functional and attractive kit at a minimum invest¬ 
ment. For more information, contact Jensen 
Tools Inc,. 7815 S. 46th St.. Phoenix. Arizona 
85044. 

Circle 1304 on Reader Service Card. 


new commercial license 
materials 

In response to popular demand, Ameco Pub 
lishing has rewrilten two Commercial Radio 
Operator Question and Answer License Guides 
for two popular commercial exams: the General 
Radiotelephone Operator's license and the 
Marine Radio Operator's Permit. 

For preparing for the General Radiotelephone 
exam. The Commercial Radio Operator QUA 
License Guide tor Element 3 (Cat. No. 9-01. 
$5,951 contains over 270 questions taken (rom 
the latest FCC syllabus. Detailed answers, writ 
ten in Ameco's proven, easy to undeistand 
style, are included. 

For preparing tor the Marine license, the 
revised Commercial Radio Operator License 
Guide for Elements I and2 (Cat. No,8 01, S5.95I 
contains all tilt: information needed to pass the 
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Orders & Quotes Toll 
Free: 800-336-4799 

(In Virginia: 800-572-4101) 

irlormAtKtn A Service: (703) 643)063 
StfVKC Deportment (703) 4948750 
11A4A JctfcrvUi Ortvrt Highway 
WoodbrKJat Vtnyn* 92191 
Kate Moun MIT lOam-A pm 
WF 10 am -8 pm 
5ot 10 am 4 pm 
Otaer Hours Mf 9 am- 7 pm 
Sal Hi am-4 pm 

OlCOM 

New IC-735 

Compact Hf Transceiver 
Can for Introcmciory Puce 

New IC-751A 

HF XCVR/Qcn Coverage 
Receiver 

VHF/UHF 

«ro-?7A, S7H. ?MA. ??1H 

930 MHl- 37A 

M0 MH1-471A. 4 /1H. 4 /A 

IC-OSAT, 04AT 

Small, light HTs for 2m or 
440 MHz. 10 memories 
and scan funehom 

IC-2AT, 3AT, 4AT 

Handheld tor 2m, 22Q 
MHz. 440 MH? 

Hew IC-A2 In stock 

Aircraft handheld 

Shortwave 

Sony 

Panasonic 

yaesu 

Kenwood 

Icom 

Scanners 

Untden/Bearcal 

Regency 

More Helpers 

■ Marine radios by Regency Polaris 
and Icom 

• Commercial land Mobile by Yacsu 
and others 

• Telephones by AT&T. Cobra, 
Southwestern Bell, and Ponosomc 

» CBs by Uniden. Midland, Cobra 

• Radar Detectors by (Jnidcn anc 
Whistler 


MACOMBE m 

akfoisTHiBurofti/Xar 


0*v.l A Mt*KWI # 0 * 0 , P O * 0 » ?9> 

I aeon'll*, (outturn* 10*4V 
inh»*m«1io* » Srr.it* IIOI) IW7-MSN 


Much More in stock! 
Send $1 lor our 
New 1986 Buyer's 
Guide—Catalog. 

KENWOOD 

New TS-440 

HF XCVR with built-in Antenpa Tuner 
Call for intio price 



TS-9M 

HF XCVR/Gcn, Coverage Receiver 

New TM-2530A/50A/70A 

25/45/70-waU mobile 9m rigs. 

New 801B In Stock 

9m Mobile, 45-watti 

Handhelds 

1R-9600A, TR3600, TH9.1AT. 31 Al, 
41 AT Can for quotes 



FT-7570X 

HF XCVR/Gcn Coverage Receiver. 

More Radios 

Encomm/Santec 

KDK 

Ten-Tec 

Ask lor Package 
Quotes on 
Radios/Accessories 
& Antennas/Towers 


Visit Our New 
New England Store 

8 Stiks Bead 

Savrm. New lumpime 03079 
Hew HsmcMlwe Ordm/ 

[rtfomvrttcri & Service (603) BW-3750 
Hew Frvawx) Orders: 800237-0047 

Slc/r Hotev Monday-Ctosert 
IWJat 10 am 4 pm 
1M 19 rex“>-8 pm 
Sun 19 noon-5** 


term: uo pcitonil cfxcij Ktcplrd r>an Uu 
ttd iivlutM thrjsptivy Ill’S COO l*r 59 IS fwr 
(>«(»»•)( riK-ct tul-jrcl rn i-rurwj* without notrf* 
ot oui>-{*t>o<t frorluclt air not vox! I or r»*lu*tio« 
icliiiru •'* tunnel to » IJ\ irilock 
u-j i»ru» hii»<iiir>i trr «ui) ttrtiil will t* ittwrd tw 
me on rotn r>e*i hokum* IGt uippom ft* 
in»nu'*Uu'««t waif«n(i*v 1o 5*1 • l>* * <*«’ 

•ll'tty i)>ro» lt> IMJK'MW. «.»H cu«o«ur> flt 

r<i>4*J 10*1 awl >• tx Iuii'iiIn<1 At no < nit 

Antennas 

HF. VHF, 5WI. sconner. marine, & 
commcrciat for Mobile or Hose 

Cushcralt 

Mini-Products 

B&W 

Van Gorden 
KLm 
AEA 

Butternut 
Mosley 
Hustler 
Telex Hy-Gain 
Larsen 


Towers 


Unarco-Rohn, Hy-Gain, Tri-Ex 
Ask let special quotes on package 
deals including cable, guys, 
corneciors, lurnbucklcs, etc 

Accessories 

Kcnpro 

Alliance 

B&W 

Telex Hy-Gain 
Daiwa 
MFJ 

Bencher 

Amphenol 

Astron 

BiK Precision 
weiz 

Amplifiers 

Vocom 
Diowo 
Ameritron 
Amp Supply 
TE Systems 
Tokyo Hy-Powcr 

Computer Stuff 

Packet Radio 
Hardware and Software 
for RTTY/Morse 
Hal 

Kantronics ijW 

AEA 

Microlog || 

MFJ B 

Ham Data Amateur Software. ■ 
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2.1 to 3.0 GHz 
SWEEP GENERATOR 

Maximum smosodial sweep from 
2 1 to 3.0 GHz 
• Output vanes less 
than + 2 Db 

_ • Sweep adjustable 

RMSWG - Z.I-3.0/S144.00 t to over 900 MHz 



• Output is attenuated to about 0 DBm 
ana transformed to about 52 ohms with 
20 It. of RG-58 cable (BNC plug) 

• 60 Hz horizontal sweep w/phase control 

• Regulated + 12 VDC and - 15 VDC 
output at less than 50 Ma. 

• Input power is 120 VAC 

• Other microwave lesl and communi¬ 
cations equipment available 

• Prices include postage/handling il order 
includes check or money order 

• F O B. Brookfield, M0 for C.O.D. or 
charge orders 

ROENSCH MICROWAVE 

R R, I Bo* 156B 816-895-5431 

BROOKFIELD. MISSOURI 64528 




Crystal 
,t Filters 


for KENWOOD TS830, TS930, TS940 


Our tillers nave received urivcrsal oiaisc As famous con 
leslpr 9E3BM V wrote foconlly in RadiOSPOHing s review 
Kenwood hilets a re great Oul 8-pole Fox Tango tillers are 
potter i nave put a pair in my 980 and the improvement is 
ra elastic 

FOX TANGO MATCtfED-PAIR FILTER KITS 


2.1 kHz for SSB. 400 Hz for CW .S170fpaii 

Both SSB and CW SPECIAL.S315 lor lour 


Kits include detailed instructions and ail needed pans 
Speedy Danowidins ami Kanwnod Model when ordering 
FOX TANGO hliors cqu.il or exceed Ihc claims ot imitators 
Why nsk disappointment? Gel me real thing 1 
SHIPPING Sf- US, 55 An (US il CoMdttf.SIZ Ehunlwv 
Order by .* n,vl or phone * WSA/MC or COD accepted 
Ask about Out Filtcis For Many Other Rigs 

FOX-TANGOi Corp. 

Box 15944, W. Palm Bch, FL 33416 
Telephone: (305) 683-9587 



products 


examination, plus additional charts and handy 
reference material. 

Ameco also recommends its Commercial 
Radio Operator Theory Course (Cat. No. 15-01, 
$8.95). More than 450 pages long, it contains 
21 lessons and 600 FCC-type multiple choice 
questions. The book is a complete course in 
commercial radio; no previous technical back¬ 
ground is required. 

For details, contact Ameco Publishing Corp., 
220 East Jericho Tpke., Mineola, New York 
11501. 

Circle #303 on Reeder Service Cerd. 


Yaesu newsletter 

International Radio, Inc., publishers of the 
ICOM and Kenwood Newsletters for the last five 
years, has now added the Yaesu Owners' News¬ 
letter, formerly a Fox Tango publication, to its 
list of monthly publications. Founded by Mill and 
Ida Lowens approximately 13 years ago. The 
Yaesu Newsletter, like its companion publica¬ 
tions. functions as a worldwide owner’s infor¬ 
mation exchange. Each of the three newsletters 
features information gathered from readers, 
manufacturers or their agents, the IRI Service 
Laboratory, and Amateur Radio magazines 
around the world. 

Back Issues of the Fox Tango Yaesu News¬ 
letter are available Irom 1972; a cumulative index 
covering the years 1972 through 1985 is also 
available. Back Issues of the IRI ICOM News¬ 
letter and Kenwood Newsletter ate available from 
1980; cumulative indices are also available. 

For information on these publications, send 
an SASE to International Radio, Inc., 1532 S.E. 
Village Green Drive, Suite L, Port St. Lucie, 
Florida 33452 

Circle #301 on Reader Service Card. 


new T/R relay module 

Hamtronics, Inc. has recently developed a 
low-loss transfer relay module for use with 
50-ohm coaxial cables at frequencies up to 1000 
MHz. The special shielded relay, with gold-plated 
contacts for high reliability and long life, is 
mounted on a stripline PC board with solder ter 
minals. The relay module, which measures only 
1 1/8x1 -5/8 inches, is easy to mount and con¬ 
nect. In a typical application, it would be wired 
to adjacent modules with miniature coax. To in 
terface with larger cables, it s usually wired to 
appropriate connectors on the rear panel of the 
cabinet. Handy for T/R switching of devices 
such as Ihe Hamtronics transmitter and receiver 
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modules, band switching of transmit and receive 
converters, selection of antennas, switching test 
equipment paths, etc., the TR Relay Module is 
rated to switch RF up to 25 Watts with a VSWR 
of only 1.3:1. Special rounded contacts and 
shielding between ports provides an isolation of 
55 dB at VHF and 48 dB at UHF. The maximum 
usable frequency is 1000 MHz. Transfer time is 
a fast 15 mSec, which makes it useful in appli¬ 
cations such as packet radio or simplex auto¬ 
patch. Operating power is 13.6 VDC at only 40 
mA, and on-board relay coil transient suppres¬ 
sion is provided. Standoffs are provided for 
mounting the relay module. 

The price of the TR Relay Module is only $24 
in kit form and $34 assembled. 

For information on the TR Relay Module and 
a 40-page catalog, contact Hamtronics, Inc., 
65-F Moul Road, Hilton, New York 14468-9535. 
(Enclose $1 to receive your catalog by return first 
class mailing. For overseas mailing, please send 
$ 2 .) 


computerCmyth 

THE HARDWARE .OURNALl / 


Now there’s a brand new magazine for the 
technically sophisticated microcomputer en¬ 
thusiast who likes to build, customize and explore 
micro hardware at the chip and board level. 

The publishers have recruited an outstanding 
staff of senior editors with more than twenty 
years of engineering, software and diagnostic ex¬ 
perience in the microcomputer field Computer 
Smyth is produced quarterly in Peterborough, 
New Hampshire, home of ten other microcom¬ 
puting publications and a total of more than 
twenty internationally circulated publications. 

Computer Smyth’s primary interest is hands- 
on construction, modification and expansion of 
micros. We see the IBM PC phenomenon as a 
giant magnet or vacuum, dragging hardware and 
software talent into a vortex of activity that ig¬ 
nores and overshadows the line of new CPUs and 
peripheral hardware enhancements that are 
becoming available. We believe 32-bit architec¬ 
ture is the proper and exciting growth direction 
for micros and too little talent is being invested 
in that opportunity. 

Computer Smyth’s editors are also deter¬ 
mined to cover all opportunities including the 
rich offerings of the IBM lines as they appear and 
especially to evaluate the so-called clones. 

We believe magazines are hard-copy net¬ 
works—or extensions of the central nervous 
systems of those who read them and interact with 
each other through them. The inter-stimulus fac¬ 
tor accelerates each participant’s learning curve, 
produces new combinations of ideas and new 
answers, and defines fresh problems. We are con¬ 
tent and idea centered—not just a sales medium 
for consumer goods. 

Who reads Computer Smyth? We’re look¬ 
ing for the intelligent, technically curious and 


adventurous computer buff who isn’t afraid to 
take the back off the case, who likes new ex¬ 
periences and digs into any device, unsatisfied 
until all its mystery is dispelled and its potential 
is fully in hand. Our reader is a craftsman who 
enjoys building, even while finding the adven¬ 
ture just a little scary. 

Our first-year line-up included: The SC84 com¬ 
puter; a brand new Z80 system with exceptional¬ 
ly powerful peripheral possibilities and a plain 
English description of each and every capability 
of the machine and its operating system; an X/Y 
charter/plottcr you can build for under S60 that 
will teach you a lot about how these devices 
work; a neat, powered wire-wrap tool for two 
hours of your time and a little more than the price 
of the tool’s bit; an RGB color to composite con¬ 
verter board; Ed Scott’s three part series on his 
68000 computer; Ken Barbier on printer inter¬ 
faces; a multipen plotter upgrade; a Data Destroy¬ 
er (for super clean disks) a review of the DTC XT 
clone; an RMN converter; and an audio module 
for the Atari 8000. 

Coming up in 1986: a switched power supply; 
an EPROM programmer; a safe, active circuit trac¬ 
ing tool; a silicon disk; how to identify and find 
microchips; how to buy a superplus keyboard; 
and builder reports on four single-board com¬ 
puters: Z80, 64B180, PC and XT. 

Our Guarantee: Your money back after your 
first issue for any reason. 

To subscribe, just fill out the order blank and 
enclose your check for S 15 for one year or $25 
for a special two-year introductory offer. If you 
prefer, use your MasterCard or Visa card. Credit 
card users are welcome to place phone orders 
at (603) 924-9464. 


200-watt linear amp 

Microwave Modules Ltd., of Liverpool, Eng¬ 
land, has announced the availability of a com¬ 
bination 200-watt linear amplifier, the MML 
144/200-S, with selectable input levels and a 
GaAsFET receive preamplifier for 144 MHz oper 
ation. This design provides an output power level 
of 200 watts that is fully compatible with 3-watt 
144-MHz handheld transceivers or multimode 
transceivers having either 10 or 25 watts output. 
The input power level is manually switch-selec¬ 
table to suit the transceiver in use, making this 
product appropriate for use with mobile, porta¬ 
ble, or base station equipment. RF VOX and a 
manual PTT are provided. 

The receive preamplifier uses one of the latest 
dual-gate GaAs FETs in a noise-matched con¬ 
figuration. Conversion gain is deliberately set at 
only 12 dB in order to achieve strong signal han¬ 
dling capability while maintaining an overall noise 
figure of below 1.5 dB. The unit is housed in a 
durable extruded aluminum enclosure measur¬ 
ing 13-3/16 x 6-15/16 x 3-13/16. 

The MML 144/200-S is available from the 
"PX" Shack, Belle Mead, New Jersey 08502 and 
other Microwave Module dealers. 
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□ Enter my subscription for 
one year at $ 15. 

□ Make that two years at $25. 

□ i enclose $_by 

□ check money order □ 

□ Master Card Visa □ 


ORDER BLANK 


NAME 


STREET a NO. 


CITY STATE ZIP 


CARD NO. EXPIRES 


CQMPUTEK^MYTH PO BOX 176 Dept, H-56 Peterborough, NH 03458 j 


^ 112 


SAVE 

SAVE SAVE 

1983-84 ARRL 

SAVE 

AMATEUR RADIO CALL DIRECTORY 

WAS $15.75 

NOW $4.95 SAVE $10Ji0 


Please add $3.50 to cover shipping and handling 



Ham Radio’s Bookstore 

GREENVILLE, NH 03048 
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RATES Noncommercial ads 1CW per word; 
commercial ads 60 <P per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for.claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H 03048 


RADIO FREQUENCY SPECTRUM CHART made specifically 
for Amateur, shortwave listeners, and scanner enthusiasts. 16" 
x 20" FULL COLOR poster suitable for framing. Only $4,50 plus 
$1.50s£th. Schools and others please write for quantity discount. 
Rover Printer, KB6DYM. 2135C Columbia, San Diego. 
CA 92101. 

DX ANTENNAS FOR 160-10 METERS. Small size, broadband, 
high performance Also, antenna parts. Beverage insulators, wire 
and cable. Low prices and fast service. SASE for catalog W1FB, 
Oak Hills Research, POB 250, Luther, Ml 49656. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information C & D Electronics, PO Box 
1402, Dept. HR, Hope, AR 71801. 

WANTED: Anything made by Kinemetrics True Time, Inc. 
Receivers, WWV clocks, time code readers, manuals, incom 
plete assemblies, etc. C.K Barber, 3112 Ursula Street. Aurora, 
CO 80011 

IBM-PC RTTY/CW. CompRtty II is the complete RTTY/CW pro 
gram for the IBM-PC and compatibles. Virtually any speed AS 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Posttach 2454 
D 7850 Loenauh 
West Germany 
Ham Radio Belgium 
Siereohouse 
Brusselsesioermeg 4i6 
B 9218 Gem 
Belgium 

Ham Radio Holland 
Posibus 413 
NL-7800 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2084 

S-t94 02 upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis, Ave des Clarions 
F-89000 Auxerre 
F ranee 

Ham Radio Germany 
Karin Ueber 
Posttach 2454 
0-7850 Loerrach 
West Germany 


Canada 

Send orders io 

Mam Radio Magazine 

Gieenville, NH 03048 USA 

Prices .n Canadian funds 

1 yr $29 95. 2 yrs $53 30 

3 yrs $75 40 


Ham Radio ftaly 
Via Maniago 15 
120134 Milano 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
G-7850 Loerrach 
West Germany 


Ham Radio England 
c'o R S Q B 
Alma House 
Cranborne Road 
Potters Bar 
Herts EN6 3JW 
England 


CH. BAUDOT, CW. Text entry via built-in screen editor? 10,000 
character transmit, receive buffers. Adjustable split screen dis¬ 
play- Instant mode/speed change. Hardcopy, diskeopy, break 
in buffer, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MARS and traffic handling. Re 
quires 128k PC, XT. AT, PC|r. PC DOS. serial port, RS-232C 
Til $65. Send call letters (including MARS) with order. David 
A. Rice. KC2H 0, 7373 Jessica Drive. North Syracuse, NY 13212. 

THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays I900Zalso 3.880 Tuesdays 
at 2359Z. Net control N5BDN. Clarksville, IN 

OLD RADIO transcription discs wanted. Any size, speed. 
W/FIZ. Box 724 HR. Redmond. WA 98073 0724. 

RTTY-EXCLUS1VELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00 PO Box RY. Cardiff. 
CA 92007 

IMRA, International Mission Radio Association helps mission 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2 3 PM 
Eastern. Eight hundred Amatejis in 40 countries. Brother Frey, 

1 Pryci Manor Road, Larchiriont. New York 10538. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G L. Pierce. 5521 Bwkdale Way, San Diego, CA 92117. SASE 
brings information. 

SELL RK4D32 Raytheon Transmitting tubes only $35.00 each. 
Inquire on others. Wanted Mot row BR 560 receiver with sup¬ 
ply Morrow SSB Transmitter, AC supply. M. Levy, 101 East 
Diiftwood No. 26, Fredericksburg, TX 78624. Tel 512 997 2534. 

WANTED: Western Eleclric tulm manual Also would like to cor 
tact groups specialized in home brewing tube type audio 
equipment. Ooug Yumoto, AG8L. 8258 Niles Center Road, 
Skokie, IL 60077. (312) 982 9683 (home) (312) 764 9186. 

DISCOUNT CATV CONVERTERS/DECODERS and video ac 
cessories. Solar cells for remote power and battery charging ap 
plications. Send for free information and prices it could save 
you big money on your next purchase of these and other CATV 
items. Easy View, PO Box 221. Arlington Heights, Illinois 60006. 
(312) 952 8504. Ask for Rudy Valentine. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton. CA 09224. (213) 774 1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties. Inc.. Dept 301. 4202 N. Drake, 
Chicago, 1L 60618. 

RECONDITIONED TEST EQUIPMENT $7.25 for catalog 
Walret. 2697 Nickel, San Pablo. CA 94806. 

BRAND NAME 5.25" COMPUTER DISKS. 10 disks in poly 
pak.'SSDD $7.99 DSDD $8.99 includes sleeves. ID labels, tabs. 
Send check or money order to Micro Applications, Inc , 915 E. 
Sheridan, Des Moines, IA 50316. Shipping add $1.50 for 15 
itijms; $3.00 for 5 or more items COD orders add $2.00. IA resi¬ 
dents add 4% sales tax 

FAMOUS "FLORIDA SKIP" 2 meter repeater map. Now in 
its 5th printing. Fully up to date, with all the latest repeater list 
ings and frequencies Designed and edited by Bid Tucker. 
W4FXE . Available for |ust $.25 plus business size SASE to: 
FLORIDA SKIP, PO Box 501. Miami Springs, FL 33266 

PRINTED CIRCUIT BOARDS and kits for QST articles Call 
or write for information. AEtA Engineering, 7970 Orchid Drive, 
Buena Park, CA 90620. (714) 521 4160. 

PACKET/ASCII/BAUDOT/CW for IBM PC. SASE to: Emile Ai 
line 773 Rosa, Metairie, LA 70005. 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices »n US. Jerrold, Hamlin, Zenith Many others 
Lowest dealer prices! Orders shipped within 24 hours! Master 
card, VISA. COD accepted.Free Catalog call (80) 345 8927 only 
Pacific Cable Co., Inc., 7325-1.2 Reseda Blvd.^1012, Reseda. 
CA 91335. 1818) 716 5914. 

CHASSIS and cabinet kits SASE K3IWK, 5120 Harmony Grove 
Road. Dover, PA 17315. 

WANTED: Heath Curve Tracer IT 3121 kit/assembled. Mission 
School needs 10 units. Call Manila. P I. 832 1773 or write Mis¬ 
sion POB 1651 MCC Makati MM. P.l. 

2 METER AMP KITS: 8877 legal limit kit $395. 3CX800A7 900W 
kit $325. Also HV power supplies. CX600N relays, parts and EME 
newsletter. SASE for catalog 2 Meter EME Bulletin, 417 Stauda 
her St.. Bozeman, MT 59715. 

RIW-19 432 MHz beams by K3IPW. SASE for information. 


COMING EVENTS 

Activities — “Places to go . . .” 

CALIFORNIA: Flea Market/Boneyard Sale. Foothill College, Los 
Altos Hills. March Sept. 2nd Saturday of every month 7 


AM Sellers. 7:15 AM buyers. Talk in 145.27( I or 147,570 sim¬ 
plex. FCC exams (4081 255-9000. 

ILLINOIS: The Starved Rock Radio Club Hamfest, June 1, 
Princeton. Same place as last year. SASE please for complete 
registration materials, map, etc. SRRC, W9MKS, RFD 1, Box 
171, Oglesby, IL 61348 (815) 667-4614 

NEW HAMPSHIRE: Deerfield. The Hosstraders will present their 
Spring Tailgate Swapfest. Saturday, May 10 at Deerfield, NH 
Fairgrounds. Admission $2 per person; no extra charge for 
sellers. Friday night camping at nominalfee, but no entry be¬ 
fore 4 PM Friday. Profits benefit Shriners’ Hospital. Last year's 
gift: $11,754.46. Talk in 146.40 147.00. New England's biggest 
Hamfest is sponsored by Bob, W1GWU, Joe, K1R0G, and 
Norm, WA1IVB. For map SASE to WA1VIB, RFD Box 57, West 
Baldwin, ME 04091, 

RHODE ISLAND: The Rl Amateur FM Repeater Service which 
operates the 146,16'76, 146 34/94 and 222.16/223.76 repeat 
ers in Rl, will hold their annual Spring Flea Market and Auc 
tion, Saturday, May 17, American Legion Fairmount Post 85. 
870 River Street. Woonsocket. Flea market opens 9 AM and 
spaces are $5.00 each. Auction 12 Noon to 5 PM. Free admis 
sion. Food and beverages available. Talk in on 34/94 and 52 sim 
plex. For information Rick Fairweather, K1KYI, Box 591, 
Harrisville, Rl 02830 (401) 568 3468 from 7 9 PM. 

GEORGIA: The 1986 Atlanta Hamfestival, sponsored by the At 
lanta Radio Club, July 19 and 20, Georgia World Congress Cen 
ter. Over 150 exhibitors. Forums and a huge, air-conditioned flea 
market. For further information SASE to: Atlanta Hamfestival, 
POBox 77171, Atlanta. GA 30357. 

ILLINOIS: The Western Illinois Amateur Radio Club will hold 
its 1986 Tri State Swapfest in conjunction with a Flyln Break 
fast sponsored by the Experimental Aircraft Association. May 
18, Haerr Field, Taylor, Missouri (5 miles west of Quincy, IL}. 
9 AM to 3 PM. Tickets $1.00 each; 6/$5.00. Tailgate flea mar¬ 
ket spaces $2.00 advance, $3.00 at the gate. VGC exams offered 
for ail license classes. Talk in on 147.03 repeater. For more in 
formation: Western Illinois ARC. PO Box 3132, Quincy, IL 62301. 

NEW YORK: The 27th annual Southern Tier Amateur Radio 
Club's Hamfest, Saturday, May 3, Treadway Inn, Owego. Flea 
market opens 8 AM. Tech and non-tech talks. Vendor displays. 
Refreshments. 6:30 PM dinner by advance tickets only. Talk in 
on 22/82, 16/76 or 146.52 simplex. For furthef information SASE 
to PO Box 7082, Endicott, NY 13760. 

MASSACHUSETTS: The Hampden County Radio Association 
will hold its annual Flea Market, Sunday, May 
4, rain or shine, West Springfield Elks Lodge covered pavillion, 
Morgan Road. 9 AM to 3 PM. Admission $1.00. Tables $5.00 
each. Dealer displays $5.00 per vehicle. Food and refreshments 
available. For more information contact Steve Nelson, WA1EYF 
(413) 596-8216. 

INDIANA: The 40th annual WVARA Hamfest sponsored by the 
Wabash Valley ARA, Sunday. June 1, Vigo County Fairgrounds, 
Terre Haute. For more information SASE to WVARA, PO Box 
81. Terre Haute, IN 47808. 

NEW HAMPSHIRE: The 12th annual Eastern VHF/UHF Con¬ 
ference, May 16 18, Rivier College, Nashua. Friday night hospi¬ 
tality room. Saturday rap sessions. New this year a series 
of tutorial presentations for the newcomer to VHF/UHF. To 
preregister send $13.50 to David Knight, KA1DT, 15 Oakdale 
Avenue, Nashua, NH 03062 before May 5. Registration at the 
door $20.00. Saturday night banquet $14.00 payable by May 5. 
A special registration fee of $10.00 is available for the first-timer. 
Dormitory housing available at the college for a modest fee. Con 
tact Lewis D. Collins. W1GXT, 10 Marshall Terrace, Wayland, 
MA 01778 ( 617) 358 2854 6 10 PM EST. 

MASSACHUSETTS: The Northern Berkshire Amateur Radio 
Club's annual Spring Flea Market, Sunday. May 18. Dalton 
American Legion, Route 9. Dalton. Admission $1.00. Starts at 
sunrise. YLs and kids free. 

ARIZONA: The Cochise Amateur Radio Association (CARA) 
will hold its 1986 Hamfest. May 2-4, Club's Training Facility. Mos 
on Road and Rt. 90, Sierra Vista. No charge for tailgaters. Talk 
in on 146.52 and 146.16/76. Ham exams May 4. For more infor¬ 
mation: Don Morgan, W7ACI, (602) 458 5293 or CARA, PO Box 
1855, Sierra Vista. AZ 85636. 

MARYLANO: The Maryland FM Association's annuol Hamfest, 
Sunday. May 25. Howard County Fairgrounds, West Friendship. 
30 miles west of Baltimore. 8 AM to 4 PM Inside tables $7.00 
by advance registration only, At the door $10.00 if available. Do 
nation $3.00. Talk in on 146.16/76. 222.16/223.76 or 449.1/444 1 
MHz. For tables or information: Michael Cresap, W3IP.1921 
Pometacom Drive. Hanover, MD 21076. (3011 551 3567 6 10 PM 


COLORADO: The Pikes PeakRadio Amateur Association's 
Swapfest Saturday, May 17, 8 AM, Rustic Hills Mall, Palmer 
Park and Academy Blvd, Colorado Springs. Free admission. Ta¬ 
ble rentals $8.00 advance, $10.00 at the door Talk in on 
146.37/97. VE testing on site. For information or reservations 
call AI. N0CMW (3031 473-1660 or write PPRAA Swapfest, PO 
Box 16521, Colorado Springs, CO 80935. 

CONNECTICUT: The Pioneer Valley Radio Association's an 
nual Flea Market, May 4, 9 AM to 3 PM. East Hartford High 
School (formerly Penney High) 869 Forbes Street, East Hart¬ 
ford. Free parking. Dealer tables $8.00, setup 8 AM. General 
admission $2.00. Talk in on 146.19/79. Amateur radio exams 
given by the Newington Amateur Radio League VE team. Walk- 
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ins accepted. For information or table reservations: Dave Rose, 
KW1V, 13 Long Crossing Rd, East Hampton. CT 06424. 1203) 
267 8993. 

OHIO: The Athens County ARA's 7th annual Hamfest, Sun¬ 
day, May 18, 8 AM to 3 PM, City Recreation Center, East State 
Street. Admission $3.00 advance and $4.00 at the gate This 
year the focus will be on the use of computer technology in 
ham radio. A special feature will be a live demonstration of pack¬ 
et radio. Those wishing to take license exams send completed 
form 610 and check for $4.25 payable ro ARRl/VEC by April 
15 to John Cornwell, IMC8V, exam coordinator, 101 Coventry 
Lane, Athens, Ohio 45701. Advance registration requested but 
walk ins will be accepted. Free flea market space for those bring 
ing own tables. Talk in on club repeater 146.34 .94. For reserved 
flea market space' Sam Stewart, KA8NIE, 116 Franklin Avenue, 
Athens, Ohio 45701 (614) 592-5330. For further information or 
advance tickets write Carl J. Denbow, KA8JXG, 653 Morris Av 
enue, Athens, Ohio 45701, 

OHIO: Portage Hamfair sponsored by the Portage ARC, Sun¬ 
day. May 18. 7:30 AM to 4 PM, Randlph Fairgrounds. Randolph. 
Tickets $3.00 advance, $3.50 at the gate. Indoor/outdoor flea 
market spaces $2.00; with 8' table and one chair $6.00. For in 
formation or tickets (216) 274-8240. 

KENTUCKY: The Northern Kentucky ARC'S "Ham 0 Rama 
'86", June 7 and 8, Best Western Vegas Convention Center. 
Erlanger (8 miles south of Cincinnati). Admission for both days 
$5.00. Children under 13 Iree. Open to public 8 AM. Indoor out¬ 
door flea market. Contact AF4Y or WD4PBF at gate lor flea mar 
ket spaces and prices. Major vendors contact Joe Dunnett, 
WA4WNF at (606) 371 2255 for additional information or write 
NKARC, PO Box 1062, Covington. KY 41012. Talk in on 
147.855/ 255 and 147.975 .375. 

1986 ‘ BLOSSOMLAND BLAST” Sunday, October 5, 1986 
Write BLAST", PO Box 175, St. Joseph, Ml 49086. 

PENNSYLVANIA: The Delaware County Amateur Radio As 
sociation is sponsoring their 7th annual Hamfest, June 8, Drex- 
el Hill Middle School, State Road and Penn Avenue, Drexel Hill. 
Doors open 8 AM. Setups 7 AM, Admission $3.00. Indoor ta¬ 
bles with electricity available by reservation $3.00 per space. Out 
door tailgating. Novice through Extra license exams starting 10 
AM, Food and refreshments available. Talk in on W3UER, 
147.96/36 C/L 224.5 MHz and 146.52 simplex. For registra¬ 
tion/ information: Hamfest, DCARA, PO Box 236, Springfield, 
PA 19064 or contact Barbara, N3DLG (215) 535 1616. 

ILLINOIS: The Six Meter Club of Chicago is having its 29th an¬ 
nual Hamfest, Sunday June 8, Santa Fe Park, 91st and Wolf 
Road, Willow Springs, IL. (SW of downtown Chicago). 
Advance registration $2.00. At the gate $3.00. Swapper's Row. 
Gates open 6 AM. Plenty of parking, picnicking, displays in pavil- 
lion, refreshments. AFMARS meeting. Talk in K90NA 146.52 
or K90NA/R 37-97. Advance tickets from Val Hellwid, K9ZWV, 
3420 South 60th Court, Cicero. IL 60650. 

NEW YORK: The Rochester Hamfest and Atlantic Division 
ARRL Convention, sponsored by the Rochester Amateur Ra¬ 
dio Association, May 16, 1 7 and 18, Monroe County Fairgrounds, 
Rochester. Tickets $5.00 advance; $7.00 at the gate. Huge out¬ 
door flea market $5.00 per space. Special indoor flea 
market for non commercial exhibitors. For tickets: Hamfest Tick¬ 
ets, 174 Croydon Rd, Rochester. NY 14610. For information: 
Rochester Hamfest, 300 White Spruce Blvd. Rochester, NY 
14623 or phone (716) 424-7136. Talk in on 146.28/88. 

NEBRASKA: The Ak Sar-Ben Amateur Radio Club Auction, 
May 18, Radial Social Hall, 1516 NW Radial Highway, Omaha. 
Equipment check-in 8 AM. Auction begins 9:15 AM Talk in on 
146.34'.94. For information: Greg Zimmerman, N0BTN 
(402)895-5219. 

MICHIGAN; The Wexaukee Amateur Radio Association's 26th 
annual Swap Shop, Saturday, May 17, Wexford Civic Arena, 
jet. of N Mitchell and 13th Street. 8 Am to 2:30 PM. Admis¬ 
sion $2.50. Food and refreshments available. Talk in on WD8RZL 
97/37. For more information: Wexaukee ARA. PO Box 163, 
Cadillac, Ml 49601. 

NORTH CAROLINA: The Durham FM Association will hold its 
annual Hamfest & Computorfest, Saturday, May 24, lower lev 
el of South Square Mall. Durham. 8 AM to 4 PM Admission 
$4.00 at the gate. Covered flea market Tables will be available 
Free parking. Talk in on 147.825/225. For more information. 
D 6 F 6 M‘A®, PO 8ox 8651. Durham. NC2//U/or Mick, W4ZUS 
at 1919) 544-3556. 

OHIO: The Sandusky Valley ARC'S annual Hamfest. May 18, 
American Legion Home, 2000 Buckland Avenue, Fremont Ad 
vance tickets $2.50; at the door $3.00. 8' table space $6.00 Free 
trunk space space, free parking. Talk in on 52 simplex or 
146.31/91. For tickets or more info SASE to Pat D Keating, 
WB8KWD, 615 Lime Street, Fremont. Ohio 43420. 


NEW YORK: UMARC sponsors ARRL outdoor Hamfest, Sun 
day, May 18, NY Institute of Technology, Northern Blvd, Rt 
25A, 1 mile east of Glen Cove Road, O'd Westbury. General ad 
mission for hams $3.00. 9 AM to 3 PM. Sellers car space $5.00 
7:30 AM, no reservations. Call Hank, WB2ALW nights for ad 
ditional info or LIMARC Infoline (516) 796-2366. 

PENNSYLVANIA: The 32nd annual Breezeshooters Hamfest, 
Sunday, June 1,9 AM to 5 PM, White Swan amusement Park, 
Rt. 60 near Greater Pittsburgh International Airport. Free ad¬ 
mission and flea market. Family park. Registration $2.00 each. 
3/$5.00, 7/$ 10.00. Covered vendors area by advance registra¬ 


tion. Mobile talk in on 28/88 and 29.000 MHz. Foi more mfor 
mation: William Hall, Sr, K3VSL. 3103 Wainbeli Avenue. 
Pittsburgh. PA 15216 (412) 531 4827. 

CALIFORNIA:FCC exams Novice-Extra. Sunnyvale VEC ARC. 
(408) 255-9000 24 hour. 73. Gordon, W6NLG, VEC 

NORTH CAROLINA: Raleigh, the City of Oaks and the Raleigh 
Amateur Radio Society presents the 14th annual RARS Ham 
fest, NC State ARRL Convention and Computer Fair, Jim Gra¬ 
ham Building, NC State Fairgrounds, Hillsborough Street. 
Advance registration $3.50 until April 7. $5.00 at the door Flea 
market space, one table and 2 chairs (ours only) $6.00 each. 
FCC exams by pre registration prior to April 1 Contact John 
Johnson, WM4P direct. Free welcoming party in Graham 
Building Saturday night, 7 10 PM. Wouff Hong Ceremony. Talk 

in 04/64 and 28/38. For more information: Rollin Ransom, NF4P, 
2447 Fairway Diive, Raleigh, NC 27603. (919) 779 5021. 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the Mlt Radio Society offer monthly Ham Exams All classes 
Novice to Extra. Wednesday, May 21, 1986.7 PM, MIT Room 

1 134, //Mass Ave. Cambridge, MA. Reservations requested 

2 days in advance. Contact Ron Hoffmann (617) 
253-5820/646-1641 or Craige Rodgers at 225 6616 Exam fee 
$4.00. Bring copy of current license, 2 forms of picture ID and 
completed form 610 (available Irom FCC in Boston. 223 6609). 


OPERATING EVENTS 

“Things to do . . .” 


ARMED FORCES DAY: In recognition of the 37th anniversary 
of this event. Amateur Radio Station W4QDR. located North 
side aboard Naval Air Station Memphis, Millington, Tennessee, 
will be operated by sailors and Marines on Saturday, 17 May 
from 1400Z to 220Z. For information on W40DR. NAS Mem 
phis contact: Station Custodian, Chief Petty Officer Bob Do 
nan, KA4FAL. (901) 872-2007. 

QRP ARCI Spring CW Contest, April 19 to April 20. For infor¬ 
mation Eugene Smith. KA5NIY. Chairman. POBox 55010, Lit 
tie Rock, AR 72225. 

UNION ELECTRIC Ham Radio Club wilt oj>erate KAOAWS on 
May 18 from 1800 2300 UTC to honor all ihe employees of Un¬ 
ion Electric Co, the utility serving parts of Missouri, Illinois and 
Iowa. Send contact number and large SASE 139 cents) for cer 
tificate to: KAOAWS Henry G. Schaper, Si. 241 Tapestry Drive. 
St. Louis, MO 63129. 

NATIONAL 6 MTR INVITATIONAL NET Activity Day Contest 
1400Z May31 to 2400Z June 1 Exchange call, SIN No. and grid 
squares. Send contest logs by July 1, 1986, to Lisa Lowell. 
KAONNO, POB 249. Ft. Lupton. CO 80621 

ST. CHARLES ARC will operate WB0HSI from the annual 
Lewis and Clark Days Festival, St. Charles. MO, 1300 2100Z, 
May 17-18. For certificate, send large SASE to St. Charles ARC. 
PO Box 1429, St. Charles. MO 63302 

ARMADILLO COUNTY, TEXAS will become county number 
3,077 from March 2 through D-X'.ember 31, 1986 Governor Mark 
White will proclaim that any Amateur Radio Operator operat 
ing along the Texas Independence Trail during that time frame 
may broadcast that s/he is in Armadillo County. Texas. 

W.I.N.O., the Wireless Institute of Northern Ohio, an organi¬ 
zation sponsored by the Lake County ARA. will commemorate 
Ohio Wine Month operating a special events station, K080, from 
a winery in Madison. Ohio. Samrday, June 7 and Sunday, June 
8. A special certificate is available from KOBO WINO Week 
end. 7126 Andover Drive, Mentor, Ohio 44060. Please send le 
gal sized SASE 

ARMED FORCES DAY The US Naval Reserve Readiness Com 
mand will operate special event station W4NUS (Navy United 
States) from the battleship USS Norlh Carolina at Wilmington, 
NC. May 17 1400Z to 0200Z. QSL to: USS North 
Carolina, Box 417. Wilmington. NC 28406. SASE not required 
for your special OSL. 

OWENSBORO ARC will operate K4HY from 0000Z May 10 to 
053UZ May 11 to celebrate their International BBQ Festival. /245 
phone. Certificate for SASE via N4EKG. 1615 East 23id Streei. 
Owensboro, KY 4230f. 

SCHOLARSHIP AWARD: The Atlanta Radio Club is pleased 
to announce it-; 1986 scholarship awards program. Two sums 
of $1250.00 each will be awardird to the winners. Applicants must 
be licensed Radio Amateurs graduating from high school and 
entering an accredited college or university as Freshmen for the 
first time in 1986. Judging is based on school grades, citizen 
ship, ham radio achievements and financial need. For applica 
tion blanks write: Phil Latla. W4GTS. 259 Weatherstone 
Parkway, Marietta, GA 3006/ 

THE FOUNDATION FOR AMATEUR RADIO, INC., a non 

profit organization with headquarters in Washington, DC, plans 
to award 21 scholarships for academic year 1986 87. Licensed 
Radio Amateurs may apply for these awards if they plan to pur 
sue a full-time course of studies at an accredited university, col¬ 
lege or technical school. For additional information and 
application form send letter prior to May 31, 1986 to FAR 
Scholarships, 6903 Rhode Island Avenue. College Park, MD 
20740. 


Derby and District Amateur Radio, incorporating Derby Wire 
less Club 1911, will be celebrating its 75th anniversary during 
1986. The Society plans at least one event per month through 
out the year each from a different location with the City of Der 
by. The callsign to listen for will he GB3ERD. 

1986 marks the 50th anniversary of the Greater Cincinnati Am 
ateur Radio Association. A number of special events are planned 
Watch for announcements here. 


CHARGE 

YOUR CLASSIFIED ADS 

_ to your 
jP MC or VISA 
write or call 

HAM RADIO MAGAZINE 

Greenville, NH 03048 
(603) 878-1441 


MOVING? 

KEEP HAM RADIO COMING.. 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and we'll take care of the rest. 

ham . 

fjlf/in Allow 4-6 weeks for 
correction. 

Magazine 

Greenville, NH 03048 

Thanks tor helping us to serve you better. 
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major advances in 
fiber optic systems — 

Throughout the world intensive 
work is being done to tap the poten¬ 
tial offered by fiber optic communica¬ 
tions and data transmission systems. 
The progress has been rapid and im¬ 
pressive; in the United States and 
Japan, vast optical networks are tak¬ 
ing shape that will handle much of the 
national communications load by the 
early 1990s. 

The development of critical compo¬ 
nents has been key to this progress. 
The use of single-mode fibers has 
reduced transmission losses to the 
region of 2dB/km. Single-mode fibers 
have very small core diameters, which 
means that the light doesn't reflect off 
the core walls and cause correspond¬ 
ing losses. Other key components in¬ 
clude transmitting and receiving 
illumination and detection semicon¬ 
ductors, low-loss fittings and couplers, 
and integrated optical signal proces¬ 
sors and data switches. 

The bandwidths and data rates 
associated with fiber optic systems are 
dazzling, with several hundred MHz 
being common. These systems offer 
the further advantages of being small, 
lightweight, low in power radiation, 
EMP resistant, and very difficult to 
intercept or tap. 

During the past several months, 
researchers at GTE have published 
work that shows just how fast this 
technology is progressing. The GTE 
investigators have fabricated a laser 
diode with a cavity only 0.2 square 
microns. This small geometry has 
demonstated switching rates of 20 
Gigabits per second, and would theo¬ 
retically allow data transmission rates 5 
million times greater than a conven¬ 
tional phone line. This remarkable com¬ 
ponent was fabricated from Indium 


Phosphide (In P), a successor of sorts to 
GaAs. 

As if all of this weren't enough, 
extensive work is being done to 
develop RF-to-optical converters, opti 
cal switches, and other devices aimed 
at eliminating the electronics al¬ 
together. Just when we thought that 
electronics was the way to go! 

thanks for the memories 

One form or another of electronic 
memory has found its way into nearly 
every type of consumer and industrial 
product: microwave ovens that store 
the cooking time for many foods in a 
permanent memory . . . scanners, Hi- 
Fi receivers, VHF-UHF transceivers 
and HTs, and so on — not to mention 
the proliferation of memory types and 
sizes available for computer appli¬ 
cations. 

Basic memory these days generally 
consists of CMOS structures organ¬ 
ized in various binary configurations. 
The largest of these arrangements has 
typically been 256K x 1, used in 
advanced microcomputers like the 
IBM, Apple, and HP machines. These, 
in turn, are organized into even larger 
grouping — up to 1 Megabyte (1 mil¬ 
lion x 8 bits). Toshiba has recently 
announced the limited availability of its 
TC511000 series of 1 Mbit (1 million x 
1) CMOS memories. Since most com¬ 
puters use a memory structure that 
calls for 9 bits (8 data bits plus 1 check 
bit), it will now be possible to have 1 
Mb of random access memory using 
only 9 ICs. It has just recently become 
possible to break the so-called 640K 
computer memory barrier with bank- 
switched cards that allow well over 1 
Mb of memory in microcomputers that 
nominally can address only 1 Mb of 
memory. The new Toshiba chip will 
help make possible IBM PC-type com¬ 
puters with processing power that is 


today associated with machines cost¬ 
ing over $200,000. 

Other types of memory devices have 
made equally impressive strides. 
Floppy disks capable of storing over 6 
Mb have been tested and are about to 
become available. Hard disks with 20 
to 50 Mb are now common adjuncts 
for microcomputers, and industry 
sources say that within two years, 100 
Mb drives will be "standard” on many 
advanced PCs. Plug-in expansion 
cards containing 20 Mb hard disks are 
now available at prices comparable to 
the cost of a single 360K floppy drive 
a few years ago. On the horizon are 
optical disks similar to those used in 
audio CD players; some are now avail¬ 
able as permanent back-up for com¬ 
puter data. These devices can be writ¬ 
ten only once, but have over 100 Mb 
of capacity and are quite cost-effective 
for this application. Good progress is 
being made on much larger optical 
disks, with storage capacities up to 1 
Gb, and the ability to read as well as 
write. Optical memories offer the pros¬ 
pect of being able to hold all the data 
that a single user may ever need, on 
a single disk! 

ultra-small transistor 

Scientists at Arizona State Univer¬ 
sity report that they have fabricated an 
operating transistor with a gate length 
of only 150 atoms. This is less than 
1 /10th the size of the average micro- 
wave GaAs FET. The device was made 
using a special very narrow electron 
beam to form the etching mask. Since 
frequency response is closely related 
to the dimensions of the gate, it is 
expectd that devices with such small 
geometries will provide good gain and 
low noise well into the millimeter 
(above 30 GHz) region. 
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Who is Dorothy Rosa? 

For the past three years anyone who's telephoned or corresponded with the ham radio editorial 
department has probably had the pleasure of hearing the pleasant, patient voice of or receiving 
a well-wrought response from Dorothy Rosa, our Assistant Editor. Magazines, of course, 
represent team effort, a necessity in the consistent publication of issue after issue of timely, 
accurate information. Dorothy, KA1LBO, is an important team member who's involved in every 
aspect of production from initial edit to final proof just prior to press run. 

Dorothy came to us at an important time in our development, replacing Marty Hanft, KA1ZM, 
and stepped into a position that requires an extremely fast learning curve. Deadlines and sched¬ 
ules in general do not conveniently wait for someone to come aboard and get up to speed. 
They're planned, they arrive, and must be met. Then they rapidly become a thing of the past, 
only to be replaced by new ones. 

Dorothy, in a sense, is not a newcomer to radio. Though recently licensed, she shared, at 
an early age, in the excitement of radio. Her father, an avid experimenter and SWL'er, had the 
normal collection of vacuum tubes, countless bins and small wooden drawers of parts, as well 
as innumerable carcasses of radios and various sorts of instrumentation. She remembers play¬ 
ing in the tube-lit glow of his repair shop, the smell of solder ever-present. It was, she says, 
the stuff of magic because even with his eighth-grade education, he could put all the pieces 
together and make a radio — and receive signals from thousands of miles away. 

At the time, the unfortunate and mistaken notion that radio was for boys and reading was 
for girls was prevalent, so Dorothy became a voracious and compulsive reader, and as she likes 
to say, "a passable speller and moderately able writer." Though her major and degree were 
in English, she studied "a little bit of everything" in high school and college because "it was 
all so interesting." After college, she worked for a medical magazine in New York City, then 
moved on to a weekly newspaper and finally to dailies. 

She spent several years as an advertising copywriter and photographer, trying to live what 
she calls "the simple life — which was anything but simple" in a log cabin in Vermont. She 
taught high school English while still finding time to tend the gardens. She traded all that in 
for the present position at ham radio and we are much the better for it. 

Presently, while raising two sons and juggling multiple issues of the magazine at the same 
time, she's working on upgrading her license. She says she feels that, in some very small way, 
she's working off a debt here at HR ... to her father for giving her the world through radio 
and to the hams who sent word of her first child's birth to Vietnam in 1969. 

Rich Rosen, K2RR 
Editor-in-Chief 
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time for the Dayton Hamvention. A> ralaaud, tha Notice of Proposed Rule Making -follows the 
League's original proposal very closely (see Presstop, July and August, 1985). 

In Brief. The IB-Meter Novice Band Would Become 2B.1-2B.5 MHz with CW, RTTY, AMTQR and 
packet on the bottom 200 kHz plus SSB from 28.3-28.5 MHz) the 200 W power limit (Novices and 
Techs only) would remain. Pull privileges on the entire 220 MHz band plus 1246-1260 MHz are 
also proposed, though with a 25 M power limit on 220 and 5 N on 23 cm. 

Thouoh 220 MHz is Included In The NPRM. There's A Serious Question as to whether it will 
remain as part of the final result. That band has been the subject of attack from other 
services in the past, and is presently part of an as yet unfinished FCC study. The latest 
threat is a Petition for Rule Making from the Association of Radio Reading Services, which 
proposes using frequencies in the 220-225 MHz band for a new service for the blind. 

ThoughOriginally Hailed As A Means Df Attracting New Novices , as written the proposal looks 
more effective as a means for retaining existing Novices. However, that in itself would be a 
worthwhile result as the Novice dropout rate has consistently been the highest. 

Comment due date for the Novice Enhancement NPRM . PR Docket B6-i61 . is July 16. Reply 
Comments will be due at the Commission on August 20. 

THEFCC HASREVERTED TO ITS ORIGINAL DEFINITION OF "EMERGENCY COMMUNICATIONS " as defined in 
Part 97.3(w). In an April 14 news release, the Commission said it reinstated the old definition 
in response to petitions for reconsideration filed by the ARRL and David Popkin, W2CC. The 
League's petition maintained that the new definition, which had been part of BC Docket 79-47, 
was too specific. The issue really came to a head during the Mexican earthquake emergency last 
year, when a number of non-Amateur organizations were heard using the Amateur bands for support 
and coordination activities. However, the issue of emergency communications is still far from 
resolved and will be addressed again soon. 

ANY TWQ REPEATERS WITH AN INTERFERENCE PROBLEM ARE "EQUALLY AND FULLY RESPONSIBLE" FOR 
RESOLVING IT . the FCC decided in its Report and Order on PR Docket 85-22. If only one of them 
is coordinated, however, the uncoordinated repeater has "primary responsibility" for resolving 
the problem. In the same action the Commission also dropped its restrictions on repeater power 
and antenna height. Effective date for the Report and Order is July 12. 

RFI PROBLEMS HAVE BROUGHT THE SHUTDOWN AND FINING OF A CANADIAN AMATEUR. VE3SR. Ruling on a 
nuisance complaint brought by neighbors, the judge found that the neighbors' rights had been 
"unreasonably invaded by conduct which forms a basis for liability" and issued a permanent 
injunction against VE3SR operating a transmitter! In addition, he fined VE3SR 42500 for 
creating "inconvenience and interference with the enjoyment of various pieces of electronic 
equipment," 458.50 in Special Damages, plus costs and interest. 

Canadian Amateurs Are Appalled At The Adverse Decision , as VE3SR had been supported by the 
Canadian Department of Communications as well as the CRRL, CARF, and a number of both Canadian 
and U.S. Amateur clubs. VE3SR had made a strong effort to resolve the problem, which involved a 
number of the neighbors' home entertainment devices, but met with little cooperation from them. 
At presstime he had not decided whether to appeal the decision, in light of the considerable 
investment he's already made in defending himself. 

PRB—l_s First "Victory." Lakeside Park. (Kentucky). Is Still Not Resolved . WM4T still has to 
appear before a Federal District Court judge to determine what constitutes a "reasonable" 
antenna, and now the city has adopted a new antenna ordinance that it calls "fair and 
reasonable" but area Amateurs feel is little better than the old one. 

Even A 2-Meter Vertical Can Get An Amateur In Trouble with the law. KA7TVC put a 2-meter 
vertical on the roof of his Kirkland, Washington, apartment building with the owner's 
permission, then found himself in trouble with the city over a law requiring engineering 
drawings, a public hearing, and a 4350 hearing examiner review fee before installation of any 
transmitting antenna! The law applies only to transmitting antennas, so the same antenna 
installed by a scanner user would not have been covered! KA7TVC is appealing his citation, and 
hopes with ARRL and PR8-1 help to be able to have the ordinance rescinded on the grounds that 
it is vague and unenforceable. 

ROY NEAL. K6DUE. HAS BEEN NAMED "RAD I O AMATEUR DF THE YE AR" by the Dayton Hamvention. The NBC 
newsman received the award for his many years of personal and public dedication to the Amateur 
Radio Service, and specifically for his key role in initiating Space Shuttle Amateur Radio 
activity. He's also been directly involved in many film and video promotions on behalf of 
Amateur Radio. U.S. Senator and former astronaut John Glenn paid a surprise visit to the 
Hamvention banquet to help honor Roy, who was also the banquet's keynote speaker. 

The 19B6 "Special Achievement Award" Went To Fr. Michael Mullen . C.M., WA2BQW, President of 
the International Mission Radio Association. He was cited for his dedication to IMRA and his 
accomplishments in supplying Amateur equipment to missionaries worldwide. 

DouoBeBaw.W1FB. Received the 19B6 "Technical Achievement Award" for his numerous 
contributions to Amateur Radio communications technology. Congratulations to all three! 
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improving "a frequency 
and level standard" 

Dear HR: 

While I always find several articles 
of interest in each issue of ham radio, 
the January, 1986 issue — with 
PAOCX's article, "A Frequency and 
Level Standard" (page 10) — was es¬ 
pecially timely. I have needed a fre¬ 
quency standard usable up to the 
70-cm ham band for some time. To get 
one with calibrated amplitude was too 
much to miss, so out came my 
breadboard. 

I've since made several improve¬ 
ments to the circuits that appeared in 
the article. 

The first change was to use a differ¬ 
ent oscillator circuit. I couldn't get the 
author's circuit shown in fig. 3 (page 
12) to oscillate with any 1-MHz crys¬ 
tal that I owned. The circuit shown be¬ 
low has worked with all 1-MHz crystals 


i-5 



that I've tried. One advantage of this 
circuit is that it uses the 74LS00, which 
draws less current than the 7400. This 
aids frequency stability because the 1C 
doesn't heat up as much. I measured 
approximately 15 Hz of drift at 200 
MHz for a 7400, while the 74LS00 had 
less than 5 Hz from turn-on. 


The second change is to substitute 
another 74LS00 for U3; this lowers 
current consumption and thus in¬ 
creases battery life. 

I first built the circuit on a pro¬ 
toboard. The output amplitude was 
within 1 dB through 150 MHz, as the 
author,Hans Evers, had stated. This 
was without the use of any of the by¬ 
pass capacitors shown in the 
schematic. 

I then wired a final version on vec¬ 
tor board for enclosure in a shielded 
box. This version did not have the flat 
amplitude response that protoboard 
had. In fact, there were a number of 
peaks in the response. Adding the 2.2 
fiF capacitors (especially the ones on 
U2 and U3) improved the response at 
the higher frequencies, but the prob¬ 
lems at 100 kHz and 1 MHz mentioned 
by the author still remained. This was 
cured by placing a 2.2 capacitor 
from the 78L05 input to case ground 
(not circuit ground). I'm not sure if the 
regulator was oscillating or if there was 
a ground loop problem. I wired the 1C 
grounds together with one long piece 
of No. 26 wire, although the pro¬ 
toboard has a good, wide low- 
impedance ground bus. The author's 
version appears to be wired in a simi¬ 
lar fashion. 

With the above changes the output 
amplitude was—73.0 + 0.5 dBm from 
100 kHz to 150 MHz and ±1 dB to 220 
MHz, as measured with an HP-71100A 
Spectrum Analyzer. For such a simple 
circuit, I couldn't ask for more. 

The schematic (fig. 3) omits one im¬ 
portant detail: pins 2, 3, 6, and 7 of U4 
and U5 need to be grounded. This is 
correctly shown in fig. 4 (page 14), but 
is easily overlooked when wiring up the 
circuit from the schematic diagram. 

Thanks for the excellent article. I'll 
be waiting for the next issue of ham 
radio . 

Steve Lund, WA8LLY 
Santa Rosa, California 95401 

on novice proposals 

Dear HR: 

I've been reading some negative 
comments about the proposals 


before the FCC to enhance Novice 
privileges. Both the ARRL's RM-5038 
and my own RM-5025 request small 
band segments, restricted power, and 
the inclusion of digital modes. We 
never intended to "give the store 
away," nor do we expect the FCC to 
grant all the privileges we requested. 
Our common interest is the growth of 
our hobby in a responsible way. 

I fail to see what those who oppose 
these proposals fear. There will be no 
loss of "higher class" privileges. Who 
protested the access we gained to 30 
meters, or 12 meters, or 902 MHz? The 
Novice operators have gained nothing. 
The Technicians gained a band, but it 
is not really an incentive to Novices to 
upgrade. The big incentive to Novices 
seems to be 2-meter FM, and that is 
why my proposal did not include that 
band. 

The ARRL's proposal includes more 
kHz than mine and is less practical with 
its inclusion of the 1246 MHz band. I 
have seen my proposal mentioned in 
only one publication ( Wor/dradio, Sep¬ 
tember, 1985) and have received no 
comments. My aim is to offer non¬ 
hams a Novice license that will attract 
intelligent adults and young people. 
We need computer enthusiasts, story 
tellers, teachers, students, account¬ 
ants, laborers, etc., etc. Our record 
shows that we cannot lure them in any 
numbers with our CW-only Novice 
license. 

Teach a Novice or an upgrade 
course like I do and you will see the 
work that goes into each new ham. 
You old-timers may forget that ham 
radio and electronics are a new lan¬ 
guage to the non-ham. We can help 
squash the myth that equipment is too 
expensive if we offer new hams phone 
and digital modes as well as CW. The 
equipment will be of more use and will 
Itherefore] seem a better value. 
Besides, Novices really do earn a 
license. 

If, after reading this, you still think 
enhanced Novice privileges are a bad 
idea, go read the actual proposals and 
then comment to the FCC. 

Larry W. Garens, WD5H 
Brady, Texas 
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turning that big array 


Homebrew this 
inexpensive, 
quiet rotator 

i recently bought, and was faced with the problem 
of rotating, some large five-element monobanders 
made by a manufacturer whose promotional materials 
emphasize their products' ruggedness and resistance 
to wind damage. Until that time, my largest antenna 
had been a loaded 2-element beam for 40 meters that 
could be handled by a HAM IV rotor. But my new 
antennas were much more massive — for example, 
my booms measured 3 inches (7.6 cm) in diameter, 
thus presenting a wind load that was not only large, 
but unbalanced as well because the boom length each 
side on the mounting mast differs slightly. This 
imbalance increases the stress on any rotator in high 
winds. Wise heads, then, agreed that disaster would 
be certain unless I obtained a heavier rotator. 

Unfortunately, such rotators are expensive. In the 
past, Amateurs used World War II surplus prop-pitch 
motors designed for bomber aircraft; these, however, 
are no longer plentiful and also come with their own 
set of problems. I concluded that it should be entirely 
possible, in a city as diverse as Toronto, to find enough 
surplus mechanical components to homebrew a rota¬ 
tor at reasonable cost. What follows is not a detailed, 
step-by-step construction article, but instead a descrip¬ 
tion of a general approach that can be adapted to suit 
the materials at hand. 

mechanical design 

A trip to the local surplus store uncovered a 20-to-1 
worm gear reduction drive and a powerful single¬ 



fig. 1. Worm gear reduction drive; input drive shaft is horizon¬ 
tal, output drive shaft is vertical. 


phase, capacitor-start induction motor with integral 
gear reduction. The shaft speed of the motor is 56 rpm 
at 50 in.-lb (5.6 N.m) torque. It draws 2.1 amperes at 
115 VAC. These two parts form the heart of the rota¬ 
tor and should be purchased first because the rest of 
the design will depend on how these have to be 
mounted and coupled together. The type of worm 
drive shown in fig. 1 is ideal, in that the input drive 
shaft is horizontal, and the outpui drive shaft is verti¬ 
cal; this facilitates running a chain drive to the mast. 
Furthermore, it mounts with four bolts at the bottom, 
making it easy to mount on a horizontal plate. Because 
a worm drive cannot be back-driven, no brake is 
required. 

The type of motor used, common on the surplus 
market, is available with various speed and torque rat¬ 
ings. The exact rating isn't too critical, as long as the 
product of speed and torque is at least 1500 and the 

By Victor Mozarowski, VE3AIA, 1 Belgrove 
Drive, Islington, Ontario M9B 1S2, Canada 
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speed is low enough so that the rest of the drive train 
can reduce it to the desired antenna rotation speed. 

drive motor and gearbox 

A tremendous amount of torque is not required: the 
ruggedness of the gearbox is far more important. After 
all, if static friction is overcome, the antenna will even¬ 
tually come up to speed, at which point its inertia will 
help keep it moving. Since most installations now use 
a high-quality ball-type mast bearing, starting would 
be a problem only if this bearing were iced up solid. 
Be that as it may, with the sprocket and gear ratios 
I used, and disregarding losses, the torque at the 
antenna mast works out to approximately 4500 in.-lb 
(508 N.m). (I suspect it might be possible to have a 
too-powerful motor that might damage the gearbox 
if the antenna mast were frozen.) There are formulas 
in machinery handbooks for calculating the size of 
components in the worm drive, but because these are 
based on a continuous running load and a certain 
working life, they're of little use if you want to know 
the ultimate yield strength under catastrophic load 
conditions. With carefully selected components, this 
type of failure would seem unlikely — and, in any case, 
as I'll show later, this type of failure isn't really cata¬ 
strophic after all. 

other components 

As for the various other drive parts, suppliers sell 
a standard range of mechanical components, such as 
bearings, drives, gears, sprockets, and chains, at 
reasonable prices. The particulars of these compo¬ 
nents can be found in specialized catalogs (such as 
from Boston Gear Company, 14, Hayward Street, Bos¬ 
ton, Massachusetts 01271), in the same way that we 
select standard values of electronic components from 
manufacturers' and distributors' catalogs. If a part isn't 
in stock, the supplier can almost always get it quickly 
through a.distribution network. All the components 
used here except the motor and gearbox, which were 
bought at surplus, and the mast coupling, which was 
custom-machined, are standard components. 

When I disassembled the gearbox, I found that its 
gears were also standard Boston Gear parts, so that 
in the unlikely event of a failure, it could also be 
repaired. This is one advantage of building your own 
rotator; because the parts are standard, reasonably 
priced, and readily available. 

The mechanical parts required include the following: 
• Flanged cartridge. A high-quality, sealed, ball¬ 
bearing unit set in a horizontal mounting flange (fig. 
2), it can support both thrust and radial loads. The 
one I used could take about 2000 pounds (907 kg), 
although it's only a small unit and takes a 1-1/8 inch 
shaft (2.85 cm). Mounted at the bottom of the mast, 
it takes the full weight of the antenna array through 


fig. 2. (A) Flanged cartridge is a high-quality ball-bearing unit 
set in a horizontal mounting flange. IB) Hollow steel pin 
secures mast adapter to the mast. 


fig. 3. Completed mast assembly consists of chain drive steel 
pin and flanged cartridge. 


the machined adapter shown in figs. 2 and 3. My 
unit's mounting holes were very close to the stan¬ 
dard rotator mounting bolt pattern, so only a bit of 
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filing was necessary on the tower's existing mount¬ 
ing holes. 

• Sprockets. These are quite similar to bicycle 
sprockets. The type I used is available for various 
shaft sizes and is keyed for convenience in mount¬ 
ing and to prevent any slippage between shaft and 
sprocket. When the sprockets are pinned with a 
piece of key-stock, slippage is impossible; no clamp¬ 
ing method can ensure this. 

• Rolled pin (or split dowel). This is a hollow steel 
pin with a slot running the length of it. It holds the 
mast adapter (fig. 2) in the mast, and is driven with 
a sledge hammer into a hole drilled through mast 
and adapter. The slot allows it to compress as it's 
driven in, for a tight fit. There are two good rea¬ 
sons to use a rolled pin or split dowel rather than 
a bolt: one, there's absolutely no free play — and 
any free play in a large system is dangerous, 
because the antennas can slam back and forth, 
loosening or even shearing hardware — and two, 
there's no protrusion as long as the correct length 
is used. I used two 2-inch (5 cm) rolled pins, each 
measuring 3/8 inch (9.5 mm) in diameter, at right 
angles. One is visible in the lower hole in fig. 3; the 
hole above allows ventilation to protect the mast 
against condensation. The pins are available in var¬ 
ious sizes and lengths (check the Yellow Pages 
under Fasteners — Industrial ), but are probably not 
available at your local hardware store. 

• Gears for the direction potentiometer. Small 
aluminum gears in various ratios that gear down the 
mast rotation to drive the direction-indicator poten¬ 
tiometer are available from hobby shops. Make sure 
both gears have the same tooth size (pitch). This 
is readily visible; inspect carefully. 

• Chain. Chain is available in various sizes from the 
same sources as the sprockets (see above). For the 
final drive to the mast, I used a No. 50 chain, which 
also happens to be a common motorcycle chain. 
Note that it's much cheaper to buy this from a 
motorcycle parts counter than from a machinery 
supplier. It may also be possible to scrounge the 
short length actually needed from a motorcycle or 
bicycle repair shop. 

• Keystock. This steel rod, square in cross section, 
is available in 1-foot (30.48 cm) lengths. You cut the 
length you need with a hacksaw. The keystock fits 
into a keyslot machined in the sprocket and the shaft 
to prevent slippage. 

• Mast adapter. This is a straightforward piece of 
custom-machined steel (fig. 2). The end with the 
two transverse holes slides into the bottom of your 
mast and is secured with two rolled pins through 
mast and adapter. The length of this portion isn’t 
too critical, though it probably shouldn't be shorter 



fig. 4. Bracing mounting plate to cross member prevents exces¬ 
sive flexing. 

than 3 inches (7.6 cm), which is what I used, to min¬ 
imize play. To determine the diameter for close fit, 
your machinist should measure the inside diameter 
of your mast, since it can vary significantly from 
nominal. Mine was 0.01 inch (0.5 mm) undersize, 
which means that if the adapter had been machined 
to nominal, it could not have been inserted! The 
sprocket fits into the middle part of the adapter, 
which should be long enough so you can line up 
this sprocket with the one on the gearbox. A key- 
slot should be machined to correspond to the key- 
slot in your sprocket. Be aware that sprockets for 
different shaft diameters will also use different key 
sizes. This portion was turned down to 1.5 inches 
(3.8 cm), which was the maximum shaft diameter 
for a keyed No. 50 sprocket with 24 teeth. 

If you're using a large,-diameter mast, |. recommend 
machining a shoulder between the portion that slides 
into the mast and the portion that takes the sprocket. 
In this way, the shoulder takes the weight instead of 
the rolled pins or through-bolts. 

The bottom part of the adapter, of smaller diameter, 
tits into the bearing in the flanged cartridge, resting 
on the shoulder formed by the middle part, which is 
of larger diameter. It should be long enough to pro¬ 
trude far enough below the rotor plate to mount a 
small gear for transmitting the motion to the direction 
pot. The end face was drilled and tapped in the cen¬ 
ter to take an insert onto which the gear could be 
mounted. Although the end could be machined down 
to the required 1/8 inch (3.1 mm) diameter, you would 
be unhappy if this little bit ever broke off. The insert 
is easy to machine. 

The method described above for transmitting 
motion to the mast is superior to any mast clamping 
arrangement because the forces concentrated on this 
area are tremendous. The clamp on a popular com¬ 
mercial rotator has been known to loosen even in 
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fig.. 5. Rotation switch reverses output leads for reversing 
direction. 


moderate winds, and the bolts have been known to 
shear altogether. A rotator manufacturer must accom¬ 
modate a range of mast sizes, but you can make some¬ 
thing that's perfect for the mast you're actually using. 

As for having the machining done, any medium-size 
industrial town will have a number of shops that do 
general machining. I found one by driving through an 
industrial area and stopping at the first machine shop 
I saw; you may want to check the Yellow Pages or 
ask friends for their recommendations. 


mm) hardened aluminum plate bought from a junk¬ 
yard (also a good source of gearboxes). If normal alu¬ 
minum is used, I would recommend at least 1/4 inch 
(0.635 cm) thickness. Steel is preferable because of 
greater stiffness, but is much harder to work with, 
especially when filing or cutting, since it can't be cut 
on a shear. The mounting holes for the motor and gear 
drive must be slotted to allow the chains to be ten¬ 
sioned. Since the main drive chain is too heavy to ten¬ 
sion directly by hand, a mechanical method had to be 
incorporated. Fig. 1 shows the steel bar across the 
front face of the gearbox. Screws passing through it 
and the L-shaped blocks on either side of the gear¬ 
box are tightened to pull the gearbox in the direction 
away from the mast, thus tightening the chain. The 
gearbox mounting nuts and bolts are then tightened. 
The sprockets can be aligned by sliding them along 
the shafts, then securing them with the set screws. 
Fig. 3 shows the mounting plate braced to a cross 
member across the tower face to prevent excessive 
flexing. 

If you live in the North, make sure the grease in the 
gearbox doesn't solidify at low temperatures. Also, 
build or buy an enclosure to protect the rotator against 
rain. (I built another small box below the rotor plate 
to house the direction pot.) The mounting holes for 
the potentiometer bracket should be slotted to allow 
alignment of the gears, as shown in fig. 4. 


final assembly 

When the adapter has been machined, take your 
mast to the shop and have the machinist drill the holes 
through both pieces together. This also allows you to 
check the fit. 

My objective was a rotation speed of approximately 
0.7 rpm , as a compromise between speed of rotation 
and starting-torque stresses on the tower. In the case 
of giant arrays, 0.5 rpm or less may be preferable. 

The sprockets were selected this way: I wanted to 
use the heaviest chain to the mast for which sprockets 
were available that would fit both the 5/8 inch (1.58 
cm) gearbox output shaft and the 1.5-inch (3.8 cm) 
mast adapter. The Boston Gear catalog showed that 
sprockets for No. 50 chain were the biggest that would 
allow this. 

To minimize the stress on the gearbox, I wanted the 
maximum possible reduction between gearbox and 
mast. With standard keyed sprockets, this was 9 teeth 
to 24 teeth. A much lighter chain (No. 35) could be 
used between motor and gearbox. To achieve the 
desired rotation speed with the motor and gearbox I 
had, a ratio of 9 teeth to 15 teeth was used between 
motor and gearbox. Luckily, the 15-tooth sprocket was 
also the largest sprocket that could fit on the gearbox 
input shaft without scraping the mounting plate. 

The rotor is assembled on a piece of 3/16 inch (4.76 


electrical design 

For obvious reasons, the motor must be reversible. 
A capacitor-start motor can be reversed by reversing 
the current in the starting winding. To do this, I used 
a 1:1 isolation transformer in the starting winding; the 
rotation switch reverses the output leads for the 
reverse direction (fig. 5). The starting winding is the one 
with the higher resistance; the other is the run¬ 
ning winding. Since the entire motor is rated at 2.1 
amperes, I would think that a 100-watt transformer 
would be more than adequate. Usually only three wires 
are brought out from the motor, since a common 
return is used for both windings. If you're lucky and 
find a motor with the windings brought out separately, 
no transformer will be needed for reversing. 

rotation switch and indicator pot 

I didn't incorporate overtravel limit switches for a 
number of reasons. It was very awkward to mount 
microswitches and actuate them; also, many more 
heavy conductors would have been needed in the con¬ 
trol cable. To minimize risk of overtravel, a spring- 
loaded rotation switch is used, with a center off posi¬ 
tion. Also, a meter was used for direction indication. 
Unlike a selsyn, this has no 0/360-degree ambiguity. 
If you want to use selsyns, install limit switches. 

Since a pot turns only about 270 degrees, I used 
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gears to couple to the mast. The exact gear ratio isn't 
critical, since full-scale deflection can be adjusted by 
the resistors in series with the meter (fig. 6). I recom¬ 
mended at least a ratio of 1:1.5, which provides for 
some travel past 0 and 360 degrees. (270 degrees x 
1.5 = 405 degrees). Use a small pot with a 1/8 inch 
(0.318 cm) shaft, so standard Japanese gears can be 
used. 

antenna direction 

Antenna direction is displayed on a large panel 
meter. I painted over the original calibration, retain¬ 
ing only the scale, and used dry transfer lettering to 
re-label it in degrees. I wouldn't recommend using the 
original zero on the meter scale as your 0-degree azi¬ 
muth point, but rather the next major scale marking. 
This is because a pot wiper seldom goes to 0 ohms, 
and you would risk damaging the pot or losing your 
calibration by having the pot rotate on its mounting 
if you accidentally went a bit past 0 degrees. I used 
a meter with a 250 microampere movement, but other 
movements (up to 1 milliampere) would be appropri¬ 
ate if the resistors in the control box were changed. 

calibration 

The direction indication can be calibrated as follows; 


it's best done on a sunny day. Take the control box 
outside for convenience. After deciding which scale 
markings on the meter will be your 0 and 360-degree 
points, turn the antenna for 0 degrees indicated. At 
this time the antenna heading isn't important because 
we’re first calibrating the meter only for full-scale 
deflection. Place a long stick on the ground, in line 
with the antenna boom, or in line with the shadow of 
the boom. Rotate the antenna 360 degrees so the 
boom once again lines up with the stick. The antenna 
should have turned in a clockwise direction. Adjust 
trimpot R1 for 360 degrees indication on the meter. 
Double check the 0-degree point and repeat the above 
if necessary. Now you're ready to calibrate the true 
heading of the antenna. 

Using one of the usual methods, rotate the antenna 
until it points to true North. The meter should show 
between 0 and 360 degrees. Loosen the mounting nut 
on the pot and turn the body until the meter reads 0 
degrees. Your control box is now calibrated. 

One of the nice features of this rotator is quiet oper¬ 
ation. The tower doesn't resonate with the clang of 
a wedge brake disengaging and engaging, since no 
brake is provided or needed. Rotation is totally inau¬ 
dible from the ground. Maintenance consists of keep¬ 
ing the chain greased and tight (though not too tight) 
and greasing the bearing once in a while. 

I hope you have as much pleasure homebrewing and 
using your own rotator as I did. 

ham radio 
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secrets of successful 
low-band operation: part 2 


Careful planning, 
quality components 
give DXing’s “big guns” 
the competitive edge 


This concluding section examines site requirements, 
lightning precautions, construction, maintenance, per¬ 
formance, and propagation. In addition, some of the 
most competitive stations reveal their plans for further 
improvements. 

siting 

Though most stations surveyed opt for the highest, 
quietest location possible, several work within the 
same constraints that the majority of us (the "little 
pistols") must deal with. Those surveyed were asked 
to describe their sites in terms of near and far field 
topography, obstructions, and noise. 

Near field topography is a description of the con¬ 
tours of land in the immediate vicinity (i.e., within ap¬ 
proximately one wavelength) of the antenna system. 
Of those who responded to this question, 83 percent 
described their near field topography as being flat or 
having a negative slope; the remaining 17 percent in¬ 
dicated a positive slope. It's important to remember 
that especially on the lower bands, optimum launch 
angles often exceed 30 degrees, so perhaps that 
mountain range in your backyard doesn't have as 
deleterious an effect as it might on the higher HF 
bands. 

Far field topography in which the land rises at some 
distance should have an even less pronounced effect 
on the reception and transmission of low-band signals. 
However, the actual slope is important (in both the 
near and far field) and can be determined through the 


use of United States Geological Survey 7.5-minute 
(1:24,000) or 15-minute (1:62,500) maps.* Those sur¬ 
veyed described their far field conditions in basically 
the same terms as near field: flat or negative horizon. 
For example, they used the words "flat to ocean," 
"flat many miles," "mountains 26 miles away," "top 
of hill," "top of ridge," "flat and drops off," "flat to 
within 1 12 mile in all directions," and "80 meters above 
local terrain." So you see what most of the big guns 
have in common: a good site — topographically speak¬ 
ing, at least. 

Obstructions. In terms of obstructions on those sites, 
the worst offender appears to be trees. Yet many of 
the low-band installations depend on these trees for 
supporting wire antennas. To date I haven't seen any 
definitive studies indicating whether the presence or 
absence of trees greatly affects patterns or perfor¬ 
mance of low-band antennas. (Any reader who has 
information on this subject, please contact me.) 

Many of those surveyed indicated "none" when 
asked about obstructions; it's no accident that the FCC 
at its various monitoring facilities has extremely strin¬ 
gent requirements with regard to the height and loca¬ 
tion of any obstructions (even in what's defined as the 
far field). Apparently development of many of the 
high-performance stations involved site examination 
and evaluation as a first necessary step. An example 
of a good near and far field site is seen from the 
boom's perspective of W6NLZ's 80-meter Yagi (fig. 1). 

Noise. The oft-spoken adage, "If you can't hear them, 
you can't work them," certainly applies to low-band 
operation. (There are some who have a particular 
knack for working stations that just aren't there, but 
that's another story). The limiting factor in the recep¬ 
tion of signals is noise, be it man-made or atmospheric. 

*Maps for areas east of the Mississippi are available in the United States from 
the United States Geological Survey, 1200 South Eads Street, Arlington, Vir¬ 
ginia 22202. Maps for areas west of the Mississippi may be ordered from the 
United States Geological Survey, Box 25286, Federal Center, Denver, Colora¬ 
do 80225. USGS maps are also sold by more than 1650 commercial dealers 
listed in the pamphlet, "Index to Topographic Maps," available without charge 
from either USGS distribution center listed above. 

By Rich Rosen, K2RR, Editor-in-Chief, ham 
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After reviewing all the responses and assigning a 
range of 10 (no manmade noise whatsoever) to 1 (ter¬ 
rible), the average value appears to be around 8. Al¬ 
though most of the high-performance stations have 
a quiet noise environment, one of the top stations sur¬ 
veyed — with over 300 countries worked on 80 meters 
and well over 100 on 160 — described his location as 
"high noise," with a 115-kv high-voltage line within 
0.5 mile. Don't give up hope for successful low-band 
operation if you have a high noise level. If it's the re¬ 
sult of faulty electrical equipment, power companies 
can be helpful in tracking down the source of the noise 
and correcting the problem. 

Other sources of interference can sometimes be lo¬ 
cated using portable equipment (for example, a pocket 
AM radio with a ferrite loop or circuit designed espe¬ 
cially for that purpose). Noise cancellation techniques 
have been used for many years with some degree of 
success.’ 23 Many who use directional arrays (phased 
verticals, for example) probably notice that switching 
the antennas around produces a noticeable increase 
or reduction in noise level. Sometimes it's better to 
point the antenna's null at the interference, trading off 
a dB or two of gain from the preferred signal direc¬ 
tion. A suggestion from some of the veteran 160-meter 
operators is for newcomers to be aware of noise from 
TV horizontal oscillators, either your own or your 
neighbors'. 

lightning 

The expression, "Into each life a little rain must fall" 
could be particularly applicable to big guns, whose 
large antenna systems are more exposed to the ele¬ 
ments than others. Lightning poses a real threat to 
some of these stations, with their high towers and 
negative horizons. Precautions can be taken, howev¬ 
er, and the danger lessened. 

Two locations worthy of attention are in the shack 
and out at th,e antenna. Precautions taken at the shack 
include the simple expediency of disconnecting all 
transmission lines, grounding the equipment and/or 
antennas or a combination of both. Outdoor precau¬ 
tions include using antennas that are permanently DC 
grounded by design; for example, the base of a shunt- 
excited vertical is at DC ground. One method of DC 
grounding a horizontal wire antenna would be to at¬ 
tach a quarter-wave shorted stub (or odd multiple of 
a quarter wave) across the dipole's feedpoint and 
ground it at the shorting bar at the opposite end. This 
technique, primarily used to drain off static charge, 
works well only if the antenna is used over a narrow 
band of frequencies. Otherwise the short reflects back 
to the feedpoint as other than an open circuit and must 
be accounted for (in matching). Some of those sur¬ 
veyed were quite satisfied that the grounding system 
designed as part of their antenna installation would 
prevent any lightning damage. 



f ig. 1. Sighting along boom of a KLM 4 element Yagi reveals 
unobstructed near field topography. 


Even if a lightning discharge should occur at your 
antenna, shack damage is not inevitable. One "big 
gun" responding to the survey said he felt that by 
locating the antenna a considerable distance from the 
shack, the danger of damage occurring at the station 
end was greatly lessened. 

Those who have taken direct strikes reported loss¬ 
es ranging from only a fuse box on one hand to al¬ 
most total destruction of their home, with walls and 
windows blown out and ceilings collapsed. Anyone 
who's ever experienced even a very close lightning 
strike knows that this is a subject to be taken serious¬ 
ly, with every reasonable precaution applied. 

construction 

It's one thing lo design, on paper, a three-element 
80- meter Yagi. It's quite another matter to build, in¬ 
stall, and keep it up. Wire antennas, though easier to 
install, still require an investment in quality materials, 
labor, and time. 

Several of those surveyed built their own rotary Ya- 
gis. Noel, VE2HQ, described his efforts to construct 
his three-element, 515-pound, 43 square foot (wind¬ 
swept area) Yagi, the result of three years of planning, 
determination, and hard work, marked by several 
setbacks. 

Working all winter in his basement, he built the 
linearly loaded elements, starting with 3-inch O.D. tub¬ 
ing and down to 0.5 inch in increments of 0.25 inch 
(11 different diameters). The linear loading was added 
125 inches from the butt of each element by cutting 
the 2-inch diameter section, inserting a fiberglass tube 
and winding the coil with copper-clad wire. Addition¬ 
al element support was provided by double element 
guying on each side with Phillystran. ’* 

The boom consisted of two 35-foot long flag poles 


* *PhyUystran is a registered trademark ol Philadelphia Resins Corp. 
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fig. 2. Vertical member and stays prevent element droop. 



fig. 3. Method of attaching full length elements to boom 
involves use of 8 bolted through plate for mechanical 
rigidity. 

(4.5 inch O.D., 0.25-inch wall) resulting in an overall 
length of 65 feet. At this point Noel had to consider 
what type of tower could support this heavy anten¬ 
na. He purchased a commercial 60-foot tower 


designed for supporting large microwave antennas and 
fabricated a 50-foot triangular extension measuring 33 
inches on a side to be mounted on top of that. 

The first time Noel installed his antenna at 110 feet, 
it resonated too high in frequency and had to be ta¬ 
ken down. It was made to resonate at 3625 kHz at 15 
feet above ground so that it would resonate at 3785 
kHz at its final height. 

Chris, I5NPH, erected an even larger three-element 
Yagi using full-size elements. A careful examination 
of fig. 2 provides an appreciation of the size of the 
components used in this antenna. The structure at the 
right that looks like a tower is the end of the boom; 
the large tubing at the left, which looks like a large 
boom, is one of the parasitic elements. Notice the size 
of the vertical strut used to support the long elements. 
Figure 3 shows the method used to attach the para¬ 
sitic elements to the boom. When one considers the 
difficulty of installing a completed antenna, eight bolts 
in the element-to-boom clamp don't represent 
"overkill." 

While W6RJ put his three-element KLM Yagi to¬ 
gether on the tower, K3ZO completed his Yagi's con¬ 
struction on the ground and raised it with a 164-foot 
crane. WA1EKV used ropes strung from his tower in 
a vee to slide and pull his Yagi to the top. 

Because wire antennas tend to break at the worst 
times, a quick means of lowering and raising them is 
necessary. Ropes, pulleys, and continuous halyards 
are successfully used by some to provide this capa¬ 
bility. In addition, if you want your antenna to stay 
up, use the best quality material. One of those sur¬ 
veyed has had success with white/blue marine rope. 
Polypropylene rope, though less expensive, disinte¬ 
grates after exposure to sunlight. It might take sever¬ 
al years, but it will deteriorate; be sure to wear gloves 
when working with old polypropylene. 

installation and maintenance 

Two more practical questions were asked of those 
questioned in this survey: "What precautions did you 
take in installing your system to make sure it would 
stay up?" and "What periodic maintenance proce¬ 
dures do you follow?" 

In general the consensus of opinion can be summed 
up in a single word: quality. Though topnotch mate¬ 
rial costs more initially, it delivers years of consistent 
good performance and pays for itself. 

The "big guns" offered specific advice on the sub¬ 
ject of non-wire antennas (rotaries and towers). Here's 
what they recommend: 

• Tighten all guy wires and clips to specification. 

• Choose all materials carefully — anything that isn't 
aluminum or stainless steel will rust. 

• Paint all towers and masts. 

• Lubricate all moving parts properly. 
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With regard to wire antennas, they advise the fol¬ 
lowing: 

• Use quality halyards — for example, white/blue ma¬ 
rine rope. 

• Use steel line for the halyard section that goes over 
tree branches. 

• Avoid the use of galvanized steel wire for radials. 

• Protect all critical connections with a good weather- 
resistant sealant such as Coax-seal.® 

Periodic maintenance procedures include: 

• Tightening of guy wires, clips and hardware. 

• Lowering wire antennas with pulleys to check the 
condition of the halyards, wire, and insulators. 

• Cleaning insulators with a rag and water. 

• Clearing foliage away from verticals. 

• Repairing thin wire ground radial systems. 

• Protecting systems with the same paint used on the 
undersides of boats. 

Many of the big guns found that they experiment¬ 
ed so frequently with new antennas that the short life 
cycle of their old antennas precluded the need for peri¬ 
odic maintenance. 

performance 

The next question posed was, "How does your 
present antenna system perform in comparison to 
others — either your own or the competition's?" In 
general most felt that the latest was the best. Specif¬ 
ically: 

K3ZO found that his three-element KLM rotary at 
140 feet was 25 dB better than a half-wave sloper and 
up to 8 dB better than his previously used three- 
element, 80-foot boom delta loop beam. 

OH1RY found his full-size three-element Yagi out¬ 
performed a dipole by 20 to 30 dB on the long path 
shot to the United States. 

4X4IM J uses four tilted verticals on 160 meters, fed 
in various phase combinations with passive reflectors 
to create an electronically rotatable vertical beam sys¬ 
tem. He feels "it's almost as good as having a full ro¬ 
sette of Beverages, with the added advantage of 
having a good low-angle rotatable transmitting 
antenna." 

W2JB, another 160-meter operator, stressed the im¬ 
portance of being able to hear. "Most of the DX runs 
low power and signals are usually at the noise level. 
That's where you need your Beverage antennas," he 
wrote. 

SP3GEM, who trades off between a vertical and 
a delta loop, doesn't see much difference between the 
two in the favored delta loop direction. However, he 
prefers the vertical in other directions — that is, where 
the delta loop exhibits a null. 

KG7D, like many others, believes slopers provide 
good performance by launching a low angle signal, 


showing nulls off the sides, and having reasonable 
feedpoint impedances and consequently high effi¬ 
ciency. 

One of the truly big signals from Japan on 80 
meters, J FI I ST, uses the Create Manufacturing 
CY-703 three-element Yagi and is very pleased with 
its electrical and mechanical performance. The specifi¬ 
cation sheet lists its forward gain, F/B ratio and 2:1 
VSWR bandwidth as approximately 8.5 dBi, 20 dB and 
100 kHz, respectively. J FI 1ST has his centered on 3.80 
MHz, right in the middle of the Japanese SSB 
window. 

W1NH, formerly W1SWX, can often be heard pull 
ing out the rarest of stations on 80 meters, thanks to 
his three slopers and inverted vee from a 100-foot sky¬ 
hook and six 1000-foot long Beverages. To illustrate 
its performance, he enclosed copies of QSL cards from 
VS5MC, HS5ABD (both short and long path) and 
JT0DAQ — all very difficult shots from the East Coast 
on 80. 

K5UR attributes his success on the low bands to 
a superior receiving capability (Beverages once again). 
Considering that he holds the CQ Worldwide DX Con¬ 
test U.S. record on 160 meters, his transmitted signal 
must also be outstanding to be heard above some of 
his competition on the East Coast. He does mention 
that his new 130-foot vertical appears to work notice¬ 
ably better than his old 70-footer. 

YU7PFR's three-element wire Yagi at 56 feet out¬ 
performs his previous single vertical or dipole while 
providing a 2:1 VSWR bandwidth of 250 kHz. With 
one of the strongest signals from Yugoslavia, he's con¬ 
sistently heard in the United States. 

SM4CAN has noticed as much as a 6 dB improve¬ 
ment in signal level using his Bobtail curtain as com¬ 
pared to his gamma fed tower with 120 radials. 
However, on long path to the United States his delta 
loop performs better than the Bobtail during the month 
of November. 

According to SM6EHY, it's possible to have too low 
an angle radiator. He says that his four-element phased 
vertical array just doesn't have that extra punch when 
high angle signals are propagated, and goes on to say 
that "the greatest advantage in using phased anten¬ 
nas is that you can reduce noise and QRM pickup from 
unwanted directions to such a degree that you can 
hear everything on the band." 

VE2HQ compared his home-brewed three-element 
Yagi with a sloper at 155 feet and found the Yagi to 
be superior in terms of signal strength. He also esti¬ 
mated the front-to-back ratio to be 22 dB. 

With over 300 countries worked on 80 meters, 
W4DR, in comparing his four-element phased verti¬ 
cal array with other antennas, says he believes that 
the really high horizontal beams still have the edge. 
N4AR uses a pair of phased Bobtail curtains on 80 
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meters and finds that the F/B ratio on low-angle sig¬ 
nals is often in the 15-20 dB range and the front-to- 
side is "astronomical." He prefers this antenna over 
Beverages for receiving as well. He also says that hav¬ 
ing an antenna with noticeable gain and a very defi¬ 
nite controllable pattern has provided him with insights 
on propagation on 80 meters. He's probably one of 
the few to have worked Laos (XW8BP) on 80 from 
the East Coast .... 

Attributing his success to a two-element delta loop 
array, DJOfA says he's experimented with other an¬ 
tennas but keeps on coming back to it. 

W1FV, showing true ham ingenuity, fit a well- 
designed and constructed phased vertical array into 
very narrow confines without any compromise in per¬ 
formance. He rates its overall performance on 80/75 
meters as excellent. Winner of the single-band cate¬ 
gory in the 1984 CQ WW CW contest, he observed: 
"The vertical array is the best antenna I have ever used 
for the difficult paths (central Asia, Japan, deep Pa¬ 
cific, and Indian Ocean)." He has tried many slopers, 
high dipoles, and delta loops but finds the present con¬ 
figuration to be the best. 

EA8ADP proves that sometimes a simple antenna 
can be a top performer if other conditions are met. 
His inverted vee has accounted for 225 countries 
worked on 80 meters in less than three years. He can 
normally be heard in the States when the rest of Eu¬ 
rope is barely being copied. His inverted vee is sup¬ 
ported at the 33-foot level on a tower atop a 148-foot 
high building situated on top of a hill. 

propagation 

As far as I'm concerned, this has to be one of the 
most interesting areas considered in the survey. The 
perspective gained by being able to review responses 
from different countries, continents — and in gener¬ 
al, both ends of a communications path — starts to 
explain observations made over the years but not un¬ 
derstood. I feel fortunate to be the compiler of this 
information and I'll try to convey some propagational 
correlations and leave the rest to you. A special vote 
of thanks is due to SM6EHY, who provided an ex¬ 
tremely detailed account of his observations made dur¬ 
ing 20,000 hours of listening on the low bands. 

160-meter propagation 

For those not familiar with 80 and 160 meters, there 
is a tendency to lump them both together as "those 
noisy, short-range bands." That static exists on the 
lower frequencies is undeniable; that the communi¬ 
cations range is limited is true sometimes, but not al¬ 
ways. How else could one explain stations working 
over 300 countries on 80 and 200 countries on 160 
meters, given the right conditions and activity? Fur¬ 
thermore, 160-meter enthusiasts are quick to point out 


that there's sometimes a world of difference between 
propagation modes on 160 meters and on 80 meters, 
and that one band should not be judged by the per¬ 
formance of the other. K1MEM best expressed this 
when he said "The basic creed is, don't go by 80-meter 
conditions to judge 160. 160 can be great to Europe 
or Africa when 80 is poor and vice-versa. QRN on one 
band is no indicator of the other. Also the beacons 
from Europe seem to have no relation to Amateur 
signals." 

K5UR finds propagation to be best towards Africa 
and the Indian Ocean in the early evenings. At this time 
of day he's occasionally observed long path signals 
from Asia (YB, 9M, . . . ) coming from the direction 
of South America. The same stations are also heard 
on a skewed path at a bearing of 235 degrees in the 
morning. Signals from Russia appear on a bent path 
with a heading of 75 degrees. 

From the northwest, KG7D believes that chordal 
propagation is the mode on 160 when Europe is be¬ 
ing heard at his QTH, yet not being copied at other 
locations in the United States. He believes this occurs 
when the FI and F2 layers fail to merge. "It would be 
nice to know the optimum takeoff angle for chordal 
propagation. For me it appears medium angle 
north/south, low to the east, and again medium an¬ 
gle to the west. Frequent openings do definitely oc¬ 
cur along the terminator lines, with signals coming 
from over the poles. Frequently we see enhanced 
propagation effects from the auroral zone." 

VE7BS found a good opening occurring to VK al¬ 
most every day throughout the summer of 1985. It 
started well before his sunrise and ended well after¬ 
wards. The observation of this path, he believes, is 
largely a function of the operating habits of Aus¬ 
tralians, pointing out that in June and July, VE7 sun¬ 
rise occurs at a reasonable time in the VK evening. 
At other times of the year — for example, when VE7's 
sunrise occurs at 1430Z — the VKs have already gone 
to bed . . . thus no communications. But the path may 
still exist. This is somewhat analogous to a tree's fall¬ 
ing in the forest; is a sound made even though no 
one's there to hear it? The answer is an emphatic yes. 

SM6EHY echoed this same point in discussing the 
polar path between Sweden and stations on the East 
Coast of the United States and in the Midwest. Sta¬ 
tions can be worked from 0800 to 1200Z on 80. Bjorn 
believes that the same conditions should hold true for 
160 and attributes the lack of contacts to the low lev¬ 
el of activity in the northern United States at this time. 
Bjorn also wishes United States Amateurs would im¬ 
prove their receiving capability; for example, on the 
10th of June he failed to attract the attention of W9s 
after 15 attempts. He also feels that 160 can open up 
on occasions to a degree that has never been 
observed on 80 meters. For example, ZL3GQ was 599 
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+ 10 dB at 1652Z on December 24 for about 1 min¬ 
ute. The best he's been able to observe on 80 was 589 
over both the short and long path. 

80 -meter propagation 

Consisting of two DX segments separated by ap¬ 
proximately 300 kHz, 80 meters sometimes also acts 
as if it were two different bands. Conditions can be 
excellent on the short path to Europe on SSB and poor 
on the CW portion and vice-versa. 

More responses were received for this band than 
for 160 meters. Consequently the subject is divided 
into several sections: short path, bent path, long path 
and other influences. 

• Short path. For the most part, those surveyed con¬ 
centrated on the unusual paths either long path, bent, 
or skewed. Perhaps it's because the normal great cir¬ 
cle path is in reality not all that common or at least 
certainly not as exciting. If one assumes that several 
"short paths" exist between two locations at the same 
time and one path is more severely attenuated than 
the other, then it's reasonable that the latter path (non 
great-circle) will be observed as the only path and clas¬ 
sified as a bent path. For example, suppose a station 
in New Hampshire is in contact with a station in the 
U.K., and that they're both using single verticals. If 
at the time of the QSO the geomagnetic field is dis¬ 
turbed and the normal great circle path, at a bearing 
of 54 degrees, is severely attenuated, then signals 
coming from the second path, off the coast of North 
Africa, will provide the only viable means of commu¬ 
nications. This situation, which has often been ob¬ 
served over the past several years from K2RR to the 
U.K., normally coincides with a fairly high K index. 
However, even the latter path disappears at still higher 
values of K approximately 24 to 36 hours after a ma¬ 
jor solar event. It's at these times that only signals from 
the South can be copied and usually only unilaterally. 
A case in point was during the recent Revilla Gigedo 
dxpedition, XF4MDX. It was as if a traveling blanket 
of absorption was moving from north to south. A few 
minutes after the fortunate contact, the signal from 
XF4 simply vanished. One could observe this effect 
by listening to which stations were able to get through 
W1 to W2 to W3, etc. 

From his location in Louisiana, Mike, NW5K, is able 
to work into Africa between 0330 and 0630 and into 
Europe between 0600 and 0700Z via the short path. 

Roy, ZL4BO, finds that the normal short path into 
Europe can vary as much as 30 degrees during his 
(southern) winter. 

bent path 

The term "bent path" can probably best be ex¬ 
plained by saying what it's not: it is not a short or long 
great circle path. Can we then consider the vast num¬ 


ber of other possibilities as bent paths? Were it only 
that simple! Perhaps it's more accurate to say that any 
path that's strictly not great circle, short or long, con¬ 
tains some element of bending. Remember, the dis¬ 
tances covered in some cases are to locations more 
than halfway around the globe, where the time-varying 
ionospheric layers are in a different state of flux. Per¬ 
haps the signal starts out on a great circle path, only 
to be diverted by conditions along the way. Maybe 
this also explains why some of the paths appear to be 
unilateral or one-way; wouldn't conditions between 
the stations have to be the mirror-image of each oth¬ 
er to be reciprocal? One way to analyze this effect 
scientifically might be through the use of simultane¬ 
ous encoded transmission beacons, each with its own 
directional antenna at both ends of each path, with 
each transmitter keyed to an atomic clock. Precise 
time measurements would then determine the path in¬ 
terval and at least its length. But this, some might say, 
would take the fun out of Amateur Radio. Isn't it the 
unpredictability of the arrival of signals from exotic lo¬ 
cations that makes DXing so exciting? 

But I'm straying from the subject. Let's get back 
to which bent paths, under what conditions, have ac¬ 
tually been observed. 

Using a three-element Yagi, W6RJ observes that 
most northern European openings are bent somewhat 
to the south. Furthermore, he states that two stations 
with coinciding sunrise and sunset times can commu¬ 
nicate 90 percent of the time, in the absence of high 
QRN levels. 

ZL4BO attributes his success in bent path propa¬ 
gation to his extreme southern latitude, utilizing the 
path over both the North and South Poles when the 
normal (short path) and long path conditions aren’t 
good. 

SM4CAN notices that the best direction for work¬ 
ing United States stations "short path" is at a bear¬ 
ing of 270 degrees as opposed to the indicated 
330-degree great circle azimuth. During auroral con¬ 
ditions, he has worked W6NLZ with signals appear¬ 
ing to come from South America; this correlates with 
Peter's (W6NLZ) observation from his end of the path. 

N4AR has observed signals from Japan, Hong 
Kong, and Indonesia from the Southwest. In fact, he 
always hears VS6DO and YB5ASO more strongly on 
this bent path than from the great circle direction. 
"This bent path is clearly in the direction of the termi¬ 
nator line [Gray-line — Ed.) and somehow these far 
eastern Asiatic and Pacific signals scatter into the ter¬ 
minator line path," he says. 

Using his full-size three-element Yagi, OH1RY ob¬ 
serves signals from Hawaii at a bearing of 90 degrees 
(east), whereas great circle calculations would indicate 
a northerly direct path. 

W1FV, as well as many others on the east coast of 
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the United States, has observed the same bent path 
towards Japan and Southeast Asia in the morning by 
beaming to the southwest. Not only have other sta¬ 
tions observed this path, but they've also seen it 
change abruptly (within a matter of minutes) from the 
southwest to the northwest when hearing Japanese 
stations. Using a rapidly switched phased vertical ar¬ 
ray, John finds that it often exhibits ill-defined direc¬ 
tional characteristics for long-haul paths around sunset 
and sunrise, although the antenna is otherwise quite 
directional. “Perhaps this is explained by multipath 
propagation or some unusual radiation-angle and/or 
polarization effects?" he wonders, adding that "this 
ill-defined directionality is also noted on most signals 
during periods of a disturbed geomagnetic field." 

long path 

It's not uncommon to hear stations calling CQ long 
path around sunset from the east coast. What are they 
hoping to accomplish? And what's this phenomenon 
called "long path?" It's reasonable to assume that the 
practice first gathered momentum with stations on the 
higher HF bands — for example, on 20, 15, and 10 
meters years ago. They observed that it was possible 
to contact stations by pointing their highly directional 
antennas in the opposite direction of the great circle 
short path. At the time very few stations on 80 meters 
had directional antennas and it was even less likely that 
both stations at opposite ends of the path would have 
directional arrays. That long path contacts occurred 
on 80 meters in those years was, however, certain; 
they just weren't called "long path." (I would like to 
hear from anyone who operated 80-meter long path 
years ago.) 

IM4RJ, W4DR, K2FV and W1FV have been able to 
work into western Australia, Indonesia, and Japan at 
their sunset by beaming southeast, utilizing primarily 
the "long path." 

From the other side of the path, VK6LK finds that 
his long path opening to the East Coast of the United 
States normally starts about 15 to 20 minutes after his 
sunrise and lasts 20 to 30 minutes when the conditions 
are good. "My first long path opening was with W1FC 
on 13 September this year, and I would expect the 
path to close sometime next May. One problem here 
is short skip from YB. They can drown the weaker long 
path signals from the United States." From Japan, 
JA1FRE has also noticed the existence of a US-JA 
long path through his (reception) observations of east 
coast United States stations at 2130Z. 

Other, long path shots not well known by US sta¬ 
tions of course still occur. JA1FRE works into the UK 
and Scandinavian countries at 0800Z, taking advan¬ 
tage of this mode. SP3GEM and other European sta¬ 
tions are able to work into the Pacific areas using the 
long path. K5UR has a morning long path into Europe 


that isn't too common, but when it does occur, 
produces high signal levels. 

Using his phased Bobtail curtain, N4AR has shown 
how reliable the early morning long path into central 
Asia can be. He has maintained a schedule over the 
years with UL7GW, talking to him approximately 100 
times per season using this mode. "During that peri¬ 
od, many other Asiatic Russians were easily worked 
on a daily basis," he wrote. Besides these USSR sta¬ 
tions, he also worked XW8BP and other southeast 
Asians at this time of day. 

What's even more interesting is that he found that 
the path essentially disappeared during the sunspot 
minimum of 1974-1975. This is contrary to the widely 
accepted belief that sunspot minimum years provide 
the best low-frequency DX. N4AR commented, 
"While stronger signals (during this period) were evi¬ 
dent from Europe in the evening and an occasional 
UA9 or UL7 QSO was possible in the evening, for all 
practical purposes the morning long path disap¬ 
peared." 

As stated earlier, this path returned during the most 
recent solar maximum. Fortunately at that time, 
HS1ABD and UL7GW were again active, serving as 
markers for band openings. 

N4AR remarked that with the phased Bobtails, 
"There's no question deciding if signals are indeed 
coming from the direction of the long path. This tends 
to be along the terminator line during the 1130 to 1230Z 
window. Looking at the MUF limited F2 hops doesn't 
seem to explain the loss of signal (during sunspot mini¬ 
mum) adequately. In any event, it's certainly a real 
phenomenon, at least from this part of the world." 

SM6EHY disagrees with the contention that a true 
long path condition exists with signals originating 
and terminating in the same hemisphere. "Long path 
— with the meaning of true long path direction — does 
not occur on 80 meters," he wrote. Signals arriving 
at SM6EHY's QTH from KL7, KH6, VE7, W7 and W6 
have the same azimuth angle: 110 degrees. "They ar¬ 
rive at a very high angle (50 to 60 degrees), with some 
noticeable echo. This holds true only for the same 
hemisphere. Signals coming from the southern hemi¬ 
sphere have all true azimuth angles for both short and 
long paths." He also believes that at W0, W6, and W7 
sunrise, stations should not be beaming long path but 
using the Arctic path instead. 

other influences 

Through his 20,000 hours of low-band observations, 
SM6EHY credits the significant influence of the au¬ 
rora on propagation. "The conditions this far north are 
very heavily affected by aurora with regards to paths 
to stations in the northern hemisphere such as JAs 
and Ws. The maximum particle radiation from the sun 
(which causes the aurora) is predicted to occur ap- 
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proximately two years after the sunspot maximum. In 
this last cycle the aurora has consistently occurred 
from December, 1981, until now (March, 1986) leav¬ 
ing the polar path open only on special occasions." 
When this polar path is open SM6EHY can work the 
east coast and midwestern United States from 0800 
till 1200Z. Japanese stations can be worked 24 hours 
a day. This occurs from mid-November until mid- 
February, when the path is open. 

where is this auroral activity? 

SM6EHY continued, "The aurora expands between 
Spitzbergen (JX) and northern Norway (LA) and un¬ 
der most conditions the maximum activity is ex¬ 
perienced close to 64 degrees N (latitude). From 144 
MHz observations, the reflection belt travels from the 
far east through the north to the west and then dis¬ 
appears. Occasionally, it's the other way around. 

Bjorn went on to mention that the aurora can 
change very rapidly — within a period of seconds — 
virtually closing down a good path. When the auroral 
activity is south of his location the "arctic is like an 
open field where signals experience very little at¬ 
tenuation." 

what other paths does it affect? 

"A bent path has been observed during auroral ac¬ 
tivity," Bjorn wrote. "The signals coming from W1 
[stations] just cannot travel through the arctic region 
[the auroral can be considered to be a 0 to 30 dB pad, 
depending on the level of activity and signal path — 
Ed.] and must be reflected in an area close to the equa¬ 
tor and other places at the same time. This causes the 
signal to be heard with some echo and QSB." 

benefits of a low-angle radiator 

With his phased vertical array and large ground sys¬ 
tem, Bjorn feels he's able to launch an extremely low- 
angle signal that can go under the aurora's attenua¬ 
tion belt. "The lower you go in frequency, the more 
important is the takeoff angle; the angle fluctuations 
are more pronounced at lower, rather than higher, fre¬ 
quencies," he said. 

Bjorn believes it's important to transmit at angles 
between 0 degrees and 10 degrees on 80 meters. "A 
low takeoff angle antenna can be used very effective¬ 
ly during auroral activity to contact some stations at 
least part of the way through the auroral region. A case 
in point is when he's not able to hear the WIs, but 
can still work OX or VE8 stations with good signal 
strengths." 

ducting 

Another propagation mode noticed by SM6EHY 
and others involves signals entering at one location, 
traveling and being trapped between ionospheric lay¬ 


ers, and finally exiting at a second location, whereby 
stations in-between cannot copy either end point. Spe¬ 
cifically, on north-south paths signals from stations as 
far south as 15 degrees follow normal paths. Further 
south, ducting appears to occur. There are times when 
Swedish stations north of SM6EHY are able to com¬ 
municate with South Africa but not be heard by him. 

Ducting also possibly occurs on the North Atlantic 
path between the east coast of the United States and 
Europe. This might explain the high signal strengths 
received across the Atlantic by stations using low di¬ 
poles that launch high-angle signals. If it were simply 
a case of multihop propagation between the iono¬ 
sphere and earth, signal levels would be lower. How¬ 
ever, reflections between layers, on the other hand, 
would account for less loss. The entrance and exit re¬ 
quirements for ducting might be high-angle. 

when are low-band conditions best? 

SM6EHY echoes the sentiment expressed by N4AR 
that low-band conditions are probably best during the 
period of maximum solar activity (sunspot maximum). 
He explains that it's probably not noticed, since 
proportionately fewer stations operate on the low 
bands when the MUF is high and 10 through 20 meters 
are more heavily utilized at that time. It's possible to 
test this hypothesis during the next sunspot maximum, 
because there'll be more stations on than ever before 
using high-performance directional 80-meter antennas. 

disturbed geomagnetic field affects 
path 

N4AR kept close track of WWV's A and K indices 
for many years and believes that neither the bent path 
nor the great circle long path appear to be beneficial¬ 
ly influenced by geomagnetic disturbances. Howev¬ 
er, with the onset of a geomagnetic field disturbance, 
spectacular increases in signal strength are occasion¬ 
ally evident over the short path. Also observed by 
others, the latter situation is normally a precursor of 
the arrival of the lower energy electrons from the sun 
24 to 36 hours later and its associated high level of 
D layer absorption. 

plans for the future 

Because improvements are always possible in any 
station — big guns not excluded — the final question 
asked in the survey was "What improvements are you 
considering making to your station?" The responses 
to this question included ideas for improving receiv¬ 
ing capability, installing higher performance transmit¬ 
ting arrays, increasing tower height, using a bigger 
radial system, installing lower loss transmission line 
and even acquiring a better site. 

• Receiving capability improvement. K3ZO wants 
to improve his 160-meter reception in general. N1ACH 
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a wrangle over 
Wrangell 

Want to work a "new country?" 
Maybe you can. Unknown to most 
radio Amateurs, the United States has 
claims to Wrangell Island (UAO) and 
other island territories north of the 
Soviet Union. The situation isn't clear, 
and maritime-boundary discussions 
about this region — spurred ori by the 
discovery of oil — are underway . 

In a recent editorial The Wall Street 
Journal called attention to deliberate 
Soviet harassment of U.S. drilling rigs 
in the Navarin Basin. This harassment, 
which includes dangerous overflights 
by Soviet aircraft, is one of several 
subjects of discussion between the 
two powers. Although the issue bears 
watching, only limited information 
about it has appeared in the daily 
press. 

Little-known Wrangell Island seems 
to be assuming an importance greater 
than its size. I doubt if there will be 
much radio Amateur activity from that 
part of the world until the boundary 
issue is settled. 

the five-band coffee pot 

Mobile antennas for the HF bands 
have always been a problem because 
of low operating efficiency and res¬ 
tricted bandwidth. A mobile 
enthusiast, Varouj Kalinian, (N6DBH, 
ex-0D5CS and FOHN) has solved this 
problem to his satisfaction. His solu¬ 
tion is to use a short mobile antenna, 
but to increase the diameter of the ele¬ 
ment below the loading coil (fig. 1). 
For the base section, he used an old 
coffee pot about 8 inches (20 cm) in 
diameter and 14 inches (35 cm) tall. His 


loaded whip sections were mounted to 
the top of the pot (fig. 2). 

Varouj removed the electrical com¬ 
ponents of the pot, drilled a hole in the 
middle of the plastic cover, screwed 
the cover to the pot, screwed a 
40-meter Hustler resonator and whip 
to the top and then adjusted the 
antenna to resonance. He found that 
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fig. 1. The "coffee-pot" mobile antenna of 
N6DBH mounted atop his station wagon. 
Separate resonators are used for various hf 
bands. 


he had a bandwidth of 150 kHz 
between the 1.75-to-1 SWR points on 
the feedline on 40 meters. 

Encouraged by the results, Varouj 
added other resonators and antenna 
tops for the other HF bands. The 
results were a bandwidth of 60 kHz on 
80 meters, 200 kHz on 20 meters, 300 


kHz on 15 meters, and 800 kHz on 10 
meters. In a short time he had a "five- 
band coffee pot antenna." 

Varouj admits the antenna looks a 
trifle bizzare and that he gets curious 
stares from other drivers. He reports 
that one driver pulled alongside, 
handed Varouj a coffee cup, and 
yelled, "Fill me up!" 

a mini-antenna for 160 
meters 

It’s unfortunate that a halfwave 
antenna for 160 meters has to be so 
big. Walt Bollinger, AF3V, must have 
thought about this as he tried to put 
out a reasonable signal on that band 
from a small lot. His solution to this 
problem is shown in fig. 3. This con¬ 
figuration is a loaded Marconi antenna 
whose overall length is about 50 feet 
(15 meters). It is mounted about 20 
feet (6 meters) above the ground. A 
6-foot (1.8 meters) ground rod is used 
in conjunction with a 65 foot (19 
meters) long counterpoise wire run¬ 
ning beneath the antenna, just below 
the surface of the soil. As illustrated, 
the antenna operates over the range of 
1.8 to 1.825 kHz with an SWR figure 
of 1.5-to-1 or less. If a variable capac¬ 
itor is connected in series at the feed- 
point (X), the antenna will operate over 
the rest of the band with low SWR. 
The approximate capacity necessary to 
achieve this without exceeding the 
1.5-to-1 SWR is as follows: 1.85 to 
1.92 MHz, 700 pF; 1.92 to 1.97 MHz, 
450 pF; 1.97 to 2.00 MHz, 350 pF. 

Walt uses a three-gang variable 
capacitor long ago removed from an 
old tuned-RF broadcast receiver (QRP 
only). It has three 365 pF capacitors on 
a common shaft. "For its size," Walt 
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says, "I think this antenna will surprise 
most everyone. It seems reasonably 
omnidirectional and provides me with 
a lot of fun on the 'top band'." 

a rectangular loop antenna 
for 80-10 meters 

Walt, AF3V, checks in with a sec¬ 
ond interesting multiband antenna fig. 
4. A rectangular loop in the vertical 
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fig. 2. Coffee-pot is screwed to cover 
which acts as a base insulator. U-bracket 
fixes bottom innersection of potto exist¬ 
ing VHFantenna base in middle of station 
wagon roof. 


plane, its overall length is about 58 feet 
(17.6 meters) with the bottom wire 
about 7 feet (2.13 meters) above 
ground. Its unique feature is the knife 
switch (SW) placed across the insula¬ 
tor in the center of the bottom wire. 
Easily reached, the switch permits the 
operator to change from an open loop 
to a closed one quickly. The feedline 
is a home-made, open wire line about 
42 feet (12.8 meters) long. It drops 
down vertically to within 8 feet (2.4 
meters) of the ground and then 
extends horizontally to the station, per¬ 
pendicular to the plane of the antenna. 
The antenna is adjusted to resonance 
by means of an old Johnson "Match¬ 
box" tuner. The antenna switch is 
closed for operation on 7, 10, and 21 
MHz and is open on the other bands. 
With a different length feedline, differ¬ 
ent switch settings may be necessary. 

Walt supports the center of the top 
section to offset the weight of the 
feedline. He says that the antenna out¬ 
performs the center-fed horizontal wire 
that he had previously and reports that 
the pattern appears reasonably 
omnidirectional on all bands. 

a simple antenna for 40 
and 30 meters 

Many Amateurs say they enjoy the 
30-meter (10 MHz) band because there 
are no disconcerting contests on it and 
because it's possible to rag-chew with 
a DX station without having a horde 
of eager beavers making rude noises 



on the frequency, unhappy that 
they're thwarted in their search for a 
"new one." 

Harvey Hunter, W8TYX, enjoys40- 
and 30-meter operation with the sim¬ 
ple antenna shown in fig. 5. Basically, 
it consists of a 30-meter ground plane 
antenna, roof-mounted, with a ground 
screen of 60 radials. The radials also 
serve with the 40-meter antenna, 
which is mounted a few feet away 
from the 30 meter whip. About 5 feet 
(1.5 meters) of the 40-meter antenna 
is vertical; the remainder is more or less 
horizontal, about 25 feet (7.62 meters) 
above the ground. 

Slightly longer than a quarter- 
wavelength, the 40-meter wire 
antenna has a feedpoint impedance of 
close to 50 + j50 ohms. A good match 
to the 50-ohm transmission line is 
achieved by using a series capacitive 
reactance of — j50 (450 pF) between 
the feedline and the base of the 
antenna. 

The 30-meter antenna has a feed- 
point resistance of about 35 ohms, so 
a simple L-network is used to match 
it to the transmission line. The antenna 
adjustments are slightly interactive, 
but tune-up using an SWR meter 
quickly compensates for that. 

the "hy-tower" antenna 
operates 160-10 meters 

The many Amateurs who have the 
"Hy-Tower" vertical antenna may find 
the automatic tuning arangement for 
multiband operation used by Paul 
Scholz, W6PYK, of interest. The 
scheme should work well for any ver¬ 
tical antenna over 35 feet (10.7 meters) 
high. 

The basic network, shown in fig. 6, 
consists of a series-connected LC cir¬ 
cuit (LI, Cl) in parallel with a second 
inductor (L2). The series network is 
adjusted for minimum SWR on 75 
meters with the parallel inductor set to 
maximum value. The last step is to 
adjust the parallel coil for resonance on 
the 160-meter band. The two adjust¬ 
ments don't interact if the 75-meter 
adjustment is done first. Operation of 
the antenna is normal on the higher 
frequency bands. 
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For 75-meter operation, a range of 
200 kHz is obtained between the 2-to-1 
SWR points. On 160 meters, opera¬ 
tional bandwidth is about 50 kHz. 

Although Paul recommends the 
component values shown in fig. 6, he 
has a computer program that provides 
component values for different LC 
ratios in the network. For low-power 
operation, 5 kV transmitting-type mica 
capacitors can be used; for high 
power, he recommends a variable air 
capacitor with 0.125 inch (3.2 mm) 
spacing. 


a rugged, long-life quad 

Many exasperated Amateurs have 
wondered how it's possible to keep the 
Quad antenna alive and well year after 
year. The common weak point of 
many Quads is the junction between 
the wire and the Quad arm; the wire 
tends to either break at this point or 
"saw" its way through the Quad arm. 

In my February, 1986, column I sug¬ 
gested one way of easing this vexing 
problem. I recently received a commu¬ 
nication from Paul Atkins, K20Z, sug¬ 


gesting a different (and simpler) tech¬ 
nique that has permitted his Quad to 
stay aloft for over 13 years. On the 
advice of a friend in the wire business, 
Paul rebuilt his Quad with silverplated 
teflon-coated wire. The teflon coating 
sheds water easily and retards ice 
buildup. The manner in which he 
attached the wire to the Quad arm is 
shown in fig. 7. The teflon covering 
is removed from the Quad wire about 
10 inches (25 cm) out from each arm. 
The slug of teflon removed is about 2 
inches (5 cm) long. A thermal stripper 
is recommended. Next, two pieces of 
No. 14 tinned copper wire long enough 
to be twisted in opposite directions are 
tightly wrapped around the wire ele¬ 
ment. Using a large iron, the ends of 
the twisted wires are soldered to the 
stripped portions of the antenna ele¬ 
ment. Run solder over the connections 
to stiffen them. This brings the 
moment arm away from the spreader 
arm and minimizes flexing at the point 
the element is secured to the spreader. 
Finally, the flux is wiped off the con¬ 
nections, which are then wrapped with 
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tape to protect the exposed soldered 
joint from the weather. 


The final addition to Paul's Quad 
was to tie the driven element to the 
reflector element with polyethylene 
cord. The tie is made near the tips of 
the spreaders to keep the arms from 
distorting too badly in high winds or 
under heavy ice loading. The black 
polyethylene cord — about 1/8 inch 
(0.32 cm) in diameter — is still in 
service. 

the 40-meter DX beam at 
K6NQ/7 

Forty-meter DX operators have 
heard the strong signal of Jim Vil- 
lasana, K6NQ/7. This is a tough band 
for serious DX competition because 
some of the "big guns" use multiele¬ 
ment Yagi and Quad beams. Great 
antennas, if you have the time, money 
and space to put 'em up! 

Jim's solution to the 40-meter DX 
problem is to use two sloper dipoles 
hung from a 140-foot (42 meters) fir 


tree and fed 270 degrees out-of-phase 
(fig. 8). The slopers are at a 45 degree 
angle with respect to ground. The 
centers of the dipoles are at the same 
height. This places the top ends of the 
dipoles at 100 feet (30.48 meters). 

The dipoles are fed with equal 
lengths of RG-8X coax (230 feet/70.1 
meters) and the phasing of the reflec¬ 
tor element is accomplished by adding 
an extra 3/4 wavelength of line 
(approximately 86 feet, or 26 meters) 
coiled up inside the operating room. 

While Jim has tried various other 
antenna arrangements, he finds that 
this simple antenna works best for DX. 
Dismayed to find that the array 
exhibited little gain on short-haul con¬ 
tacts, he was amazed at how well it 
worked on long-haul DX. He found, to 
his gratification, that his 7-MHz signal 
was as strong in Europe as those of 
other west coast DXers running high 
two- and three-element Yagi beams. 
On very good openings, the simple 



fig. 8. 140 foot high fir tree in yard of K6NQ/7 provides support for "hot" 40 meter beam! 
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sloper antenna was better than 1 S- 
unit over competitive Yagi antennas 
located at the 120-foot (36.6-meter) 
level. 

Its beam pattern is broad enough to 
cover Europe and Northern Africa; Jim 
estimates about 90 degrees beamwidth 
to the - 3 dB points. He tried several 
phasing schemes to get the required 
90-degree phase difference and found 
out the hard way that the best results 
were obtained when the rear element 
used 3/4 wavelength phasing. 

Jim wishes he had the room to 
string up two or three arrays of this 
type tp get full coverage, but that will 
have to wait until he has more real 
estate. Meanwhile, he does a fine job 
with a very inexpensive antenna! 

the British "zip code" 

Some time ago I admitted that the 
British Postal Code was a mystery to 
me — and to most other Amateurs as 
well, I suspect. Jim Miller, G3RUH, 
very kindly sent me a Post Office 
brochure explaining the system in such 
a lucid manner that even I could under¬ 
stand it. (The Canadian code works on 
the same principle, I am told). 

In brief, the code is a simplified 
address, with each part of it focusing 
on a progressively smaller area. The 
United Kingdom is divided into 120 
areas, each being identified by the first 
two letters of the code. As an exam¬ 
ple, the code MK42 8LA is given. The 
MK indicates the Milton Keynes area 
of England; the 42 stands for a district 
within the Milton Keynes area; the 
digit 8 indicates a sector in district 42; 
and the LA designation identifies the 
street. The code is read by a machine 
which converts it to two rows of blue 
dots imprinted on the envelope. The 
dots, in turn, are read by a mechanized 
system which sorts it on its way. Thus, 
the code helps identify an individual 
person on a particular mail route! It's 
also often imprinted on bicycles, 
automobiles, and other vehicles to 
assist in the return of stolen property. 

amateur service bulletins 

The popular "moonbounce" notes 
have been reprinted and are again 
available. For a copy, send five first- 
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Please enclose S3.50 for shipping 

BOOKSTORE 

GREENVILLE, NH 03048 


class stamps or five IRCs (no envelope 
is necessary) to me at EIMAC, 301 
Industrial Way, San Carlos, California 
94070. Request bulletin AS-49. 

Additional copies of "Design Con¬ 
siderations for Linear Amplifiers" are 
at hand, too. For a copy, send four 
first-class stamps or four IRCs to me 
at the above QTH. Ask for Bulletin 
AS-53. 

Finally, copies of the 144-MHz EME 
Directory (AS-49-37), which lists 
worldwide EME operators, their QTHs, 
and station equipment, are available 
for five first-class stamps or IRCs. 

ham radio 

short circuits 

narrowband filters 

In WB4EHS's March article, "Build 
Narrowband RF Filters (page 10), the 
word "smaller" in the second sentence 
on page 14 should be changed to 
"larger." 

In the program listing on page 15 
(fig. 7), line 145 should be corrected 
to read as follows: 

145 INPUT O.IF 0<1 OR 0<5 
THEN GOTO 145 

signal generator 

Values for four capacitorsand labels for 
three resistors were omitted from fig. 8 
of YB9ATA's article, "Two-tone Signal 
Generator" (February, 1986, page26). 
The corrected portion of the schematic 
is shown below. 
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make a homebrew sheet metal brake 

for chassis construction projects 


Save time, money 
— and build a 
better box 


Radio Amateurs have been bending aluminum at 
home for years, making brackets, panels, and boxes 
for electronic construction projects. Light weight, 
workability, good corrosion resistance, and electrical 
conductivity make aluminum an ideal material for small 
hand-fabrication projects. But classical bending tech¬ 
niques that require a hammer, vise, and pliers can 
result in dents and scratches, and extra work straight¬ 
ening undesired bends. 

This article describes how to make a sheet metal 
bending tool that makes quality bends in thin metal 
without damage. The tool is made with just a few dol¬ 
lars worth of steel angle stock and some common 
household hardware. 

Because the correct choice of material is important, 
information is included to enable you to identify alu¬ 
minum alloys for bendability, strength, and corrosion 
resistance. A construction project of a small box is 
included as an example. 

bending theory 

Figure 1 shows the physical arrangement required 
to bend sheet metal without causing deformation in 
areas other than the bend. The bar holds the work- 
piece to the table while the leaf forms the corner 
around the bar's "knife edge." The major objective 
illustrated in fig. 1 is to maintain a precise hinge center- 
line between the moveable leaf and fixed table at the 


bend corner. Figure IB shows the direction of maxi¬ 
mum bending force at the completion of the bend. The 
leaf must be rigid and the bar must be held securely 
to maintain a consistent bend radius along the work. 



By Cliff Klinert, WB6BIH, 1126 Division Street, 
National City, California 92050 
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table 1. List of aluminum alloys with zero bend radius 

(wrought sheet 0.062 inch (1.6 mml-thick cold bent, 90 

degrees) 



Alloy 

Yield Strength 

Corrosion Resistance 


Ipsi) 


1100-6 

5000 

A 

1100 H12 

15000 

A 

1100-H14 

170000 

A 

20140 

1400C 

D 

2024-0 

11000 

D 

3003-0 

6000 

A 

3003-H12 

18000 

A 

3003-HI4 

21000 

A 

5005-0 

6000 

A 

5005-H12 

19000 

A 

5005-H32 

17000 

A 

5005-H14 

22000 

A 

5005-H34 

20000 

A 

3004-0 

10000 

A 

3004-H32 

25000 

A 

3004-H34 

29000 

A 

5050-0 

8000 

A 

5050 H32 

21000 

A 

5052-0 

13000 

A 

5652-0 

13000 

A 

6061-0 

8000 

B 

Note: Corrosion resistance is given in decreasing merit from A to D. 

Metal with an A or B rating can usually be used outdoors without 

protection. 

A D rating indicates that protection is required to pre 

vent corrosion. Data was compiled from references 1 and 2. 


We will later see that this can be a limiting factor in 
bending thicker or stronger material. 

selection of alloys for bending 

Availability of the correct material may limit the prac¬ 
ticality of homebrew sheet metal projects. To deter¬ 
mine which materials will be bendable, it helps to 
understanding the use of alloy numbers. The most 
common system of alloy numbers uses a four-digit 
alloy number followed by a combination of a letter and 
numbers that indicate the temper or hardness. The 
two major types of hardening are the "H" (strain hard¬ 
ened) and "T" (thermal hardened) processes. In the 
strain hardened system, the H is followed by two or 
more numbers, the second of which indicates the rela¬ 
tive hardness of the material. The T in the temperature 
hardening system is followed by one or more num¬ 
bers, the first of which indicates the relative hardness. 
If the four-digit alloy number is followed by an "0," 
the material has been annealed to make it as soft as 
possible and is readily bendable. The 0 material is soft 
for easy forming with the possibility of being hardened 
later. Incidentally, material marked "alclad" is covered 
with a thin layer of relatively pure aluminum for extra 
corrosion resistance. 

The most desirable alloy used for bending and form¬ 
ing is 3003-H14, which combines optimum strength 


and workability, making it the ideal material for box 
and chassis construction. The "3003" indicates that 
this series of alloys is strain hardened without any sub¬ 
sequent heat treatment. The first temper digit, "1," 
indicates strain hardening without any subsequent 
heat treatment. (Another digit in the first position, 
such as a "3," could be used to indicate a low- 
temperature thermal "soak" to improve ductility.) The 
"4" indicates the relative hardness. A higher number 
denotes a harder material. 

Table 1 is a shopping list of alloys appropriate for 
bending' 2 . Since low cost is almost always a con¬ 
sideration, the best source of materials in small quan¬ 
tities will usually be a salvage or surplus store. Alumi¬ 
num manufacturers typically require a $300 minimum 
purchase, and hardware store material is usually quite 
expensive in the small quantities required. For best 
results, take a pair of gloves, a tape measure, and a 
copy of table 1 to all the metal salvage yards in your 
area. Prices should range from 75 cents to $1.50 per 
pound. Sheets are marked in alloy numbers (as shown 
in table 1) and thickness in thousandths of an inch. 
The optimum thickness is ".040" (1.02 mm). If a sheet 
is not marked, try to bend a corner with your fingers 
to determine bendability. You’ll usually be expected 
to buy the entire piece, and cutting service may or may 
not be provided. Cutting may cost from 50 cents to 
a few dollars, so you may wish to take some sort of 
cutting tool with you if you want to buy a piece too 
large to carry home uncut. 

Salvage steel angle stock for making the bending 
tool should be available for ten to 25 cents per pound. 
The type of industries in your area will determine the 
type of salvage material available. Please note that 
"3003-HI4-.040" is the optimum material for our 
projects. Thicker or harder material may produce 
bends with larger radii and make more crude-looking 
parts. 



The construction of the bender, location of the hinges, attach¬ 
ment of the bar with bolts, and a small piece of sheet metal 
being bent. 
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ing a small box. The material was 
too thick for making precise bend 
ole was drilled at the intersection 
space forthe material thickness. 


building the bender 

The photographs show how the bender was assem¬ 
bled from angle steel and two door hinges. The over¬ 
all width was about 3 feet (1 meter). You can select 
dimensions appropriate to the material available. The 
wider the bender, the more likely it is to warp in use. 
The photographs were taken to illustrate the geome¬ 
try of the bender as shown in fig. 1 A. Depending on 
the shape of the hinges used, the ends of the angle 
stock must be notched for clearance. In shimming the 


hinges with washers, locating the hinge centerline re¬ 
quired some patience. 

The corners were cut with a circular saw using a 
metal cutting blade (i.e., a carborundum disc). Grind¬ 
ing or filing the angle steel edges along the hinge cen¬ 
terline to produce a square corner is optional since 
even a fairly crude tool will produce good results with 
the right material. The "bar" is another piece of the 
angle steel bolted to the table. The bar could be 
secured with C-clamps, but the bending force shown 
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This piece was cut from a steel bar to allow making a double 
bend. 



The die can be used to accomodate a part that has been bent 
in the opposite direction. The edge of the die is shown for clar¬ 
ity, but would normally be mounted between the two bolts 
holding the bar to the table. 

in fig. IB may cause the bar to slide away from the 
leaf when you bend stronger material. You may wish 
to reinforce the leaf by bolting another piece of steel 
behind it, if you have problems with warping later. 


Clamp the table in a vise, attach Vise-gripd" 1 pliers to 
the leaf for handles, and the bender is ready for use. 

making a box 

Obtain a sheet of bendable alloy and cut some 
pieces for practice bends. Mark bend lines on the alu¬ 
minum as shown in the photographs. Some practice 
will be necessary to determine where to place the 
material relative to the bend line and to anticipate the 
amount of springback in the bend angle. You can use 
tin snips or a nibbler; most wood sawing methods 
(using power tools) can be applied to aluminum as 
well. A bandsaw is ideal for thin material, and a circu¬ 
lar saw with a plywood cutting blade is excellent for 
thicker sheet. A router works well for trimming or 
shaping, and most of the bendable alloys can also be 
whittled with a pocket knife. Use paraffin to lubricate 
the blade, wear ear plugs, and observe the normal 
safety precautions. 

The photographs illustrate the sequence of bends 
for making a small box. A die was made from a piece 
of steel bar with an angle cut for a knife edge. (The 
size of the die determines the size of the box to be 
bent.) The die was used as a "finger" in a pan brake 
to make a bend perpendicular to a previous bend. The 
bar in a pan brake is made of several removeable 
fingers in various widths to allow for making double 
bends like this. 

It is common to etch the finished part in a lye and 
water bath to produce an attractive finish. If lye is not 
available, welding supply stores sell aluminum clean¬ 
ing solutions that work faster, but are somewhat more 
expensive. A quart bottle of cleaning solution costs 
about $5, but it can be diluted in water for several uses. 
Be sure to follow the safety instructions of the bottle 
since these solutions may contain a very powerful acid. 
Alloys receiving an A or B corrosion rating in table 
1 require no further treatment to prevent destructive 
corrosion for several years of use. A coating of clear 
lacquer or acrylic spray may be used to protect the 
porous metal surface from stains and cosmetic cor¬ 
rosion. 

conclusion 

I don't expect anyone to start manufacturing chas¬ 
sis boxes at home; the process is far too time con¬ 
suming. The main point in having a simple bending 
tool is to enable you to fabricate a special part in a 
size and shape not available commercially, with a 
professional, high-quality appearance. 

references 

1. Product and Data Catalog, Reynolds Aluminum Supply Com 
pany, free to Reynolds customers at Reynolds distributors. 

2. Metals Handbook, 8tlt Edition, Volume I (of II volumes), Ameri¬ 
can Sociey for Metals. Metals Park, Ohio, 1977. 
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a regulated screen grid 

power supply 


An easy-to-build 
solid-state design 
using Motorola’s new 
TMOS power-FET technology 


For about the last 20 years, the most common type 
of amplifier used by hams has been the grounded-grid, 
class AB2 linear, sometimes erroneously referred to 
as "Class B." In Class B operation, no quiescent plate 
current is drawn; Class AB2, on the other hand, has 
quiescent plate current. Both classes run grid current 
when a signal is present. If there were no idling cur¬ 
rent in a grounded-grid amplifier, it wouldn't be lin¬ 
ear. There is no such thing as a single-ended 
"grounded-grid Class B linear." 

Every linear amplifier type has some advantages and 
some tradeoffs. One advantage of a grounded-grid 
amplifier is that it supposedly does not need to be neu¬ 
tralized. This is probably true for 813 tubes, which 
wouldn't take off and oscillate on a VHF parasitic fre¬ 
quency even if you wanted them to. An 813 doesn't 
even like to work at 29 MHz. Tubes such as the 3-500Z 
are designed to amplify well, or oscillate, at 100 MHz. 

During the last ten years I have been involved in 
more than 30 cases of amplifier repair. More than 80% 
of these failures involved damage from parasitic oscil¬ 
lation in grounded grid amplifiers that supposedly do 
not need to be neutralized. A stable grounded grid 
amplifier design is not as easy as the popular litera¬ 
ture on the subject indicates. This subject is covered 
in detail in the April 1986 issue of this magazine. 

Another advantage of the grounded-grid configu¬ 
ration is that no screen or control grid bias supplies 
are needed. Control grid bias supplies are simple for 
Class AB-1 grid-driven amplifiers, since, typically, no 


current flows. Screen grid supplies are a different mat¬ 
ter because they must also furnish current — some¬ 
times over 100 mA. One disadvantage in grounded 
grid operation is that separate tuned inputs must be 
constructed for each band in use. 

The grid-driven linear offers certain advantages. A 
separate tuned input is not required for each band, 
and up to approximately 23 dB of amplification can 
be obtained instead of the typical 12 dB gain from 
grounded-grid. This means you can drive a legal-limit 
amplifier with a 10-watt QRP transceiver. To do this 
you'd have to neutralize the amplifier; this would com¬ 
plicate the grid input circuit because the easy, 50-ohm 
grid swamping resistor circuit would not work. One 
disadvantage, however, is that you'd have to build a 
high-voltage screen supply. For a 4-1000A, a screen 
voltage of 1000 volts is required for Class AB1 linear 
amplifier service. With 6000 volts on the plate, this 
tube will deliver 1500 watts output. Another good 
tetrode for ham service is the 4CX1500A, which 
requires up to 750 volts for the screen grid. 

The choice between grounded-grid and grid-driven 
Class AB1 would have to go to grounded-grid up until 
the World Administrative Radio Conference of 1979; 
until that time, amplifiers were in use on only about 
five Amateur Radio bands below 30 MHz, and build¬ 
ing five tuned inputs for the common grounded-grid 
Class AB1 amplifier posed no problem. The advan¬ 
tages of using grid driven Class AB1 amplifiers were 
not yet apparent, especially in light of the grief of build¬ 
ing a regulated high-voltage screen supply. Most peo¬ 
ple would rather build the separate tuned inputs for 
the simpler grounded-grid triode circuit than use the 
inherently broad-band Class AB1 input circuit. 

Today amplifiers are used on eight Amateur bands 
below 30 MHz, and can be used with reduced output 
on the 30-meter band. In a while we'll have nine bands 
on which amplifiers can be used below 30 MHz. Build¬ 
ing nine separate Pi-networks requires 27 components 

By Richard Measures, AG6K, 6455 LaCumbre 
Road, Somis, California 93066 
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and a rare nine-position bandswitch; in comparison, 
the Class AB1 input circuit begins to look very sim¬ 
ple. Perhaps building a screen supply isn't really that 
much of a problem after all. . . . 

For the Amateur who is also a MARS member, the 
new general-coverage transceivers are a blessing. A 
general coverage amplifer would be a nice accessory 
for a general coverage transceiver. 

to regulate or not 

According to Eimac, "The power output from a 
tetrode or pentode is very sensitive to screen voltage. 
For this reason, any application requiring a high degree 
of linearity through the amplifier requires a well- 
regulated screen supply." 1 

For some small tetrodes, it's possible to use gas volt¬ 
age regulator tubes. For larger tetrodes with higher 
than about 25 mA of screen current the VR tube isn't 
practical; a better choice is a conventional series pass 
regulator circuit, which offers the added benefit of 
adjustable screen voltage, to either control power out¬ 
put or to set the idling plate current to the desired 
value, a nice feature for those times when 100 watts 
isn't enough, but 1500 watts is too much. If a roller- 
coil is used for the plate tank inductor, a general cover¬ 
age 1.8 to 30 MHz amplifier is yours. The only band¬ 
switching operation needed is that of adding loading 
capacitor padders for frequencies below about 5 MHz. 

With the common grounded-grid amplifier, reduc¬ 
ing power is not easy; in a Class AB1 amplifier, it's 
simple. Series pass transistor regulator circuits are 
used in 12- to 14-volt power supplies for Amateur tran¬ 
sceivers and other low-voltage applications. Screen 
supplies for Class AB1 amplifiers typically must pro¬ 
vide between 500 and 1500 volts. Until recently, a 
regulated supply for these voltages required tube cir¬ 
cuits because transistors couldn't handle the required 
voltages and currents. 

Bipolar transistors that would handle high voltages, 
at low current, for TV applications have been around 
for some time. The Motorola BU207 was one exam¬ 
ple. It could withstand either high voltage (up to 1300 
volts) or high current — but not both at the same time, 
because of secondary breakdown effects: a 1500-volt, 
8 ampere bipolar may be able to hadle only 0.2 amps 
at 200 volts. Your 100-watt transistor is now a 40-watt 
transistor. Three transistors are required for 100 watts 
dissipation. High voltage bipolar transistors have 
another trade-off: low current gain. So you need a 
driver transistor to provide high base current. It was 
possible to use bipolars in high-voltage regulated sup¬ 
plies, but it took a bank of them to form the series 
pass element. (The first high-voltage regulated sup¬ 
ply I built used six BU207 bipolars to produce 1500 
volts at 0.2 amps. It worked, but it wasn't as simple 
as I'd have liked it to be.) 


There has been progress, however. Just as FET RF 
power transistors are taking over jobs from bipolars, 
the high-voltage FET is now available for use in high 
voltage applications such as regulated supplies. Moto¬ 
rola is using this new technology in its TMOS power 
FET. The TMOS offers high gain and virtually no 
secondary breakdown problems that would reduce the 
dissipation rating. 

A TMOS FET is similar to a triode electron tube; the 
more positive the control element, the more current 
flows in the load. Tubes have some nasty disadvan¬ 
tages: they lose linearity when the control grid goes 
positive and start to draw lots of grid current at the 
same time. TMOS devices don't exhibit this effect. 
The gain of a triode is rated in micromhos — or more 
recently, in microSiemens. A triode with a transcon¬ 
ductance of 25,000 micromhos is considered a "hot" 
tube. 

The TMOS device I used to construct the power 
supply for this article has a transconductance of about 
500,000 microSiemens in its linear range. As you may 
have guessed, the device drives so easily it can be a 
problem to keep it from taking off unless you swamp 
the control gate with a resistor and a capacitor. 

design considerations 

In a typical 13.8-volt supply the filter capacitor is 
charged to about 22 volts. If a short circuit were placed 
across the output, 22 volts would appear across the 
pass transistor — until the fuse in the primary burned 
out. In a 1500-volt supply the filter capacitor can be 
charged to 1900 volts in the no-load condition. In this 
case a short would place 1900 volts on the pass tran¬ 
sistor. Twenty-two volts isn't a problem for a typical 
40-volt bipolar, so no protection is needed; 1900 volts, 
however, is a completely different matter. To protect 
the high-voltage power supply series pass element 
from short circuits, some kind of pass element crow¬ 
bar is required. I used an SCR whose gate is fired by 
a string of zener diodes when the voltage gets into to 
danger region above 520 volts difference across the 
pass element. Since it takes about 2 microseconds to 
fire the SCR, an RC delay circuit is used (R3C1) to pro¬ 
tect the pass element while the SCR is reaching 
threshold. R2 limits the current through the SCR to 
less than its rated 160 peak amps. R2 is 10 ohms for 
up to 1000 volts output and 20 ohms for up to 2000 
volts output. 

The voltage rating of the pass element needs to be 
slightly greater than the difference between no-load 
voltage across the filter capacitor and the desired regu¬ 
lated output voltage. Naturally, the power supply must 
provide enough voltage at full load or regulation is not 
going to occur. In addition, the product of current and 
voltage across the pass element must not exceed its 
dissipation rating. 
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Most capacitor filter power supplies see a voltage 
drop of about 15 per cent from no-load to full load. 
This means that the pass element needs to withstand 
only about 15 percent of the output voltage plus a 
small safety factor. A 600-volt pass element can eas¬ 
ily regulate a 3000-volt supply. The highest rated volt¬ 
age available in the Motorola TMOS series is 1000 
volts, which means you could build a regulated 
5000-volt supply with an output current of 2 amps if 
you needed one. To achieve the current requirement 
it would be necessary to parallel some TMOS devices 
and connect equalizing resistors of a few ohms in each 
source lead. The comparator circuit, Q1, is simplicity 
itself, since no driver transistor is required for the 
TMOS pass device. 

circuit operation 

The positive output terminal is the common refer¬ 
ence point, or circuit common. When the output volt¬ 
age rises to a high enough negative value V 2 begins 
to conduct, causing Q1 to conduct. This increases the 
voltage drop across R4, causing the gate voltage of 


Q2 to be less positive, which causes 02 to conduct 
less. If Q2 is conducting less, then the output voltage 
begins to fall because of the increased voltage drop 
across the pass element. As the output voltage falls, 
V z conducts less, causing Q1 to conduct less. This 
causes Q2's gate to go more positive. Q2 conducts 
more heavily, causing the output voltage to rise again. 
The process repeats and regulation results. 

The threshold voltage for turn-on/turn-off is deter¬ 
mined by the voltage division ratio of the R1, R5, R6 
voltage divider and the V z zener voltage. R6 is 
adjusted to the desired output voltage as long as not 
much more than 500 volts is dropped across the pass 
device. Setting the output voltage too low fires the 
pass-protect crowbar, causing the output voltage to 
rise to the voltage on the power supply filter capaci¬ 
tor less about 1 volt. At this point you need to turn 
the power off and on, unlocking the crowbar, and then 
make a mark on the R6 scale to indicate how low you 
can go. Starting the power supply with a heavy load 
in place will also fire the crowbar. This isn't a prob¬ 
lem in screen supplies because the amplifier won't be 
operated until the final amplifier tube's filament comes 
up to temperature. This is about 1 second for a 
4CX1500A. If you want to be able to start with a heavy 
load connected, you'll need to add one or more zener 
diodes from the drain to the gate of Q2 to start con¬ 
duction when the voltage drop is about 20 volts less 
than the crowbar trigger voltage. 

performance 

The load regulation is more than adequate for this 
application. With the output set for 900 volts on my 
prototype supply, the voltage drops to 896 volts with 
a 225 mA load. Reverse screen current up to about 
20 mA is no problem. Beyond 20 mA reverse current, 
you'll need to add an appropriate bleeder resistor 
across the output terminals. 

This screen supply can provide conventional posi¬ 
tive output, or, negative output for grounded screen 
Class AB1 grid-driven amplifiers, in which the posi¬ 
tive output terminal is grounded and the screen nega¬ 
tive voltage is connected to the cathode or filament 
transformer center-tap. This configuration is used in 
many commercial short-wave transmitters because 
there's no need for a screen bypass capacitor and the 
unwanted added inductance associated with it. 

choosing the right fuse 

It's important to fuse this supply in order to protect 
the screen of your amplifier tube from excessive dis¬ 
sipation, which will never occur unless you tune up 
under light load conditions, as might occur, for exam¬ 
ple, if your antenna were not connected. Light load¬ 
ing allows the instantaneous plate voltage to fall to 
a level that fails to attract the electrons coming from 
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the cathode. These electrons will then find the rela¬ 
tively positive screen very attractive, causing an 
unhappily large flow of current in the screen grid. The 
screen grid will suffer a melt-down unless something 
is done quickly. An ordinary fuse will perform this duty 
faithfully if the right ampere rating is used. 

With a capacitor filter supply, which normally has 
high peak currents in the primary of the power trans¬ 
former, a fuse that is about 1.5 times larger than the 
screen dissipation rating would indicate is adequate. 
For example, with a 120-VAC primary, a 1-amp fuse 
would allow 120 watts to flow. This would be adequate 
for a screen grid rated at 80 watts maximum dissipa¬ 
tion. The screen supply transformer should be con¬ 
nected to the same step-start source used for the plate 
transformer so that the regular fuse won't burn out 
at turn-on. A one-third duty cycle tuning pulser will 
save fuses if you make an error during tune-up. 

choosing the transformer 

When you're selecting a power transformer for a 
screen supply, "heavy duty" is out. You don't want 
a screen supply that can do double duty as an arc- 
welder. A screen supply transformer should have 
about the same CCS current rating as the typical 
screen current on the tube's spec sheet. The trans¬ 
former selected should also have a filament winding 
to provide the voltage to operate the comparator cir¬ 
cuit, as shown in fig. 1. The current drawn by this 
circuit is about 6 mA — so any 6.3-volt or 12.6-VCT 
winding will do the job. Other transistors can be used 
in the comparator as long as they are high Beta and 
PNP. 

Motorola TMOS power FETs have many other 
interesting uses besides series pass regulators. The 
MTM 6N60 I used in this article will make a nice shunt 
regulator at up to 600 volts at 100 watts dissipation 
— if you keep it cool. If that's not enough, the MTM 
6N60 has a big brother, the MTE 40N60, which is a 
40 amp, 600-volt device. 

I believe we're going to see a lot more TMOS 
devices in Amateur Radio equipment. Military tran¬ 
sceivers already use TMOS output amplifiers. How 
about 300 watts output on 2 meters with 5 watts of 
drive? That’s a pair of Motorola MRF 150s, which will 
do the same job on 160 meters. TMOS RF amplifiers 
produce less intermodulation distortion than conven¬ 
tional bipolar RF amplifiers. Their use could represent 
a pleasant improvement on the ham bands. With RF- 
negative feedback it is possible to make a solid-state 
TMOS SSB signal as clean as some of the cleanest 
tube-type equipment such as the TS830S. 

references 

Care and Feeding of Power Grid Tubes. EIMAC Division. Vivian Inc., 301 
ndustfial Way. San Carlos, California 94070. 
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direct currents 

reduce core permeability 


BASIC program shows 
how to compensate 
for this effect 

Applications involving coils that carry DC are com¬ 
mon. Perhaps not so common, however, is the under¬ 
standing that inductance determination requires a 
knowledge of the anticipated DC current. A DC bias 
reduces the inductance value and must be taken into 
consideration for accurate results. 

Although this toroidal-inductor design program was 
written for Microsoft™ BASIC and tested on a Com¬ 
modore Pet Computer with 32k of memory, no special 
machine-dependent functions were used; therefore, 
it can be used on virtually any home computer with 
little or no modification. Remark statements are liber¬ 
ally provided throughout the program listing to iden¬ 
tify operations. 

design procedure 

The design sequence of calculations for each wire 
size is as follows: 

• Calculation of the number of turns (N| assuming a 
winding factor of 0.525. 

• Calculation of DC resistance (RDC). 

• Calculation of copper weight. 

• Calculation of maximum DC current. 

• Calculation of inductance ImH). 

• Calculation of wound outside, inside diameter, and 
height of wire and core. 

• Calculation of temperature rise in No. 30 AWG wire 
considering copper losses only. 

A complete enamel wire table is included in the pro¬ 
gram for wire sizes No. 12 AWG through No. 46 AWG. 
Coils are designed to have a winding factor of 52.5 
percent maximum. 

Selection of a core size and core material for a 


'Magnetics, Inc., P.O. Box 391, Butler, Pennsylvania 16003. 


desired inductance can be determined by doing a set 
of iterative calculations using vendor curves (fig. 1) 
showing percent permeability reduction versus DC. 
The magnetizing force, H, (in oersteds) is: 

H = 0.4-nNI/P (1) 

where N = number of turns 

/ = current in amperes 
P = magnetic path length 
in centimeters 

In fig. 1, a certain percent permeability reduction 
is initially assumed for material of the selected permea¬ 
bility. This establishes the maximum magnetizing 
force, H, in oersteds, which must not be exceeded 
if the application's determined requirements are to be 
met. AC flux density (BAC) is assumed to be small. 

The design program uses this information and other 
core data from the selected vendor data sheet to com¬ 
pute a table of inductor designs. 

Toroidal Molypermalloy Powder (MPP) cores are a 
useful alternative for gapped cores in applications 
where there is a direct current component which tends 
to saturate the core. MPP cores are well suited for low 
inductances, below 2 mH. Advantages of using MPP 
cores are largely in elimination of assembly and labor 
costs for handling two core halves, fitting gap spacers 
and mechanical parts. 

One vendor has published a core and permeability 
selection procedure that simplifies the choice of a core. 
Because selection of the core to avoid saturation is 
a most significant choice in inductor design, a modified 
version of this procedure, courtesy of Magnetics, 
Inc.,* is used here as a part of the computer design 
program user instructions. 

program user information 

Only two parameters for each (design) application 
must be known: inductance required under DC bias 
conditions and the amount of DC current. 

Calculate the product LI 2 where: 

L = inductance required with DC bias (millihenries) 
/ = DC current (amperes). 

Locate the LI 2 value on the DC bias core selector 
chart (fig. 2). Follow this coordinate to the intersec- 

By Walter Kunde, K5BVM, Route 3, Box 346, 

Quinlan, Texas 75474 
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PERMEABILITY vs DC BIAS 



fig. 1. Permeability versus DC bias. 


tion with the first core size that lies within the family 
of solid permeability lines. This core size is the smallest 
that can be used. (In fig. 2, small coresizes are at the 
bottom and large sizes at the top.) 

Any solid permeability line that passes through the 
intersection point of the LI 2 and core size coordinates 
or crosses the LI 2 coordinate below this intersection 
point may be used. 

The choice of permeability can be based on Q re¬ 
quirements at the operating frequency of the applica¬ 
tion. Use the Q curves in fig. 3 for this selection. If 
Q is not a consideration, use the highest permeability 
indicated. This choice will yield the lowest winding 
factor. 

The design application may call for a Q requirement 
at a higher frequency than the core/permeability com¬ 
binations indicated in steps 2 and 3. By following the 
LI 2 coordinate to lower permeabilities and larger core 
sizes, an optimum choice for this type design may be 
made. For a given permeability, always use the core 
size just above the permeability line. 

Inductance, core size and permeability are now 
known. The remaining core data is obtained from the 
selected core data sheet, see fig. 4. Use core dimen¬ 
sions which include the core finish. 

Load the program and respond to input commands 
when requested. 

Inputs include the following: 

• core outside diameter (in inches) 

• core inside diameter (in inches) 

• core height (in inches) 

• core permeability 


• core mH/1000 turns 

• magnetic path (in inches) 

• window area (in circular mils) — CMIL* x 10 6 

• MLT (mean length of turn) — full winding (in inches) 

• HDC (Peak) Maximum 

• percent Nom. Perm <®HDC (Peak) Maximum 

Upon completion of the last input, "**CALCULAT- 
ING**" will appear on the monitor screen as the pro¬ 
gram calculates all values. Results are displayed as 
printer outputs; see figs. 5 and 6. 

core selection example 

Choose a core meeting the following requirements: 

• minimum inductance with DC bias, 25 /iH 

• DC current, 2 amps. 

• operating frequency, 8 kHz. 

• optimum Q is required. 

The product of LI 2 = 0. /. Following this coordin¬ 
ate, the first core size encountered that falls within the 
solid line permeability family is the 55050 size. 

The intersection point of the 0.1 coordinate and the 
55050 core size coordinate falls between the 60^ curve 
and the 125jt curve. Only those permeability lines inter¬ 
secting the LI 2 coordinate below the core intersection 
are usable; either M5n or 160/* may be used. 

A review of the Q curves (fig. 3) indicates that a 
55050 core in 160/* peaks in the neighborhood of 8 kHz, 
whereas this size in 125/* peaks near 20 kHz. For opti¬ 
mum Q at 8 kHz, 160/t is chosen, core 55048. From 
fig. 1, determine magnetizing force //for the percent- 
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WINDOW AREA 
CROSS SECTION 
PATH LENGTH 
WEIGHT 


75,600 cii. mils 
0.01767 in 3 0.1140 cm** 

1,229 in 3.12 cm 

0.11 Di 3.1 gm 

(.0089 lb.) 


WINOING TURN LENGTH 
WINDING FACTOR LENGTH/TURN 


100%<MNI J VI 

0.0815 It 

2.49 cm 

00% 

0.0721 h 

2.20 cm 

40% 

0.0629 ft 

1.920 cm 

20% 

0.0589 ft 

1.797 cm 

0% 

0,0574 ft 

1.751 cm 


CORE DIMENSIONS AFTER FINISH 

OD'Majc i 0.530 in 13.46 mm 
ID (min i 0.275 in 6.99 mm 
HT (MAX l 0.217 in 5.51mm 


WOONOCQIl DIMENSIONS 
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MAGNETIC INFORMATION 


PART 

NO. 

PERM 

inductance 

# 10OD TURNS 

MH*K 

NOMINAL 

DC RESISTANCE 

HUMS MM* ’ 

FINISHES 

AND 

STABILIZATIONS' 

GRADING 

STATUS 

BANDS 

B/NI 

ttAU!& p 
AMP Hf 

55053- 

14 

6.4 

2.67 

A2 

• 

5.64' t 

55052- 

26 

12 

1.42 

A2 

• 

10.5 '• » 

55051- 

60 

27 

0.633 

ALL 

* 

24.2 ' * 

55050 

125 

56 

0.305 

ALL 

YES 

50.4 i- ‘ 

55049- 

147 

67 

0.255 

ALL 

YES 

59.2 <• ' 

55048- 

160 

72 

0.237 

ALL 

YES 

64.5 i i 

55044- 

173 

79 

0.216 

ALL 

YES 

69.7 i i 

55047- 

200 

90 

0.189 

ALL 

YES 

80.6 ** 

55045- 

300 

134 

0 127 

A2and L6 

YES 

121 * 

55046- 

550 

255 

0.067 

A2 

YES 

222 


WINDING INFORMATION 

f OH UNI f ¥ WINDING I AC I DM* * 


AWG 

WIRE SIZE 

TURNS 

Rdc 

OHMS 

AWG 

WIRE SIZE 

TURNS 

Rdc 

OHMS 

16 

25 

0.00826 

31 

646 

6.90 

17 

31 

0.0129 

32 

788 

10.40 

18 

39 

0.0203 

33 

977 

16.40 

19 

48 

0.0318 

34 

1,244 

26.5 

20 

61 

0.0500 

35 

1,543 

41.6 

21 

76 

0.1)780 

36 

1,905 

64.4 

22 

93 

0.1233 

37 

2,327 

97.1 

23 

116 

0.1925 

38 

2,909 

153.6 

24 

144 

0.302 

39 

3.744 

258 

25 

178 

0.470 

40 

4,727 

414 

26 

222 

0,743 

41 

5,817 

626 

27 

280 

1.173 

42 

7,414 

1,003 

28 

344 

1.829 

43 

9,003 

1,570 

29 

420 

2.81 

44 

10,360 

2,186 

30 

525 

4.45 





fig. 4. Core data. 
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************************************************************** 

*** T0RCHK1 PROGRAM *** 

CORE O.D.: .53 

ISO PERM. 



FULL 



I 


WIRE 

COIL 

DC RES 

cu 

PEAK 

INDUC 

SIZE 

TURNS 

OHMS 

WT 

AMPS 

MHV 

************************************************************** 

12 

5. 4 

0 

. 0 1 

9. 19 

1.6E—03 

13 

6. 7 

0 

. 01 

7.41 

2. 5E--03 

14 

8. 4 

0 

. 01 

5.91 

4 El—03 

15 

10. 5 

0 

. 01 

4. 72 

6.3E--03 

1 & 

13. 2 

0 

.01 

3 . 7 b 

. 0 :l 

17 

16. 3 

0 

. 0 1 

3.04 

. 0153 

18 

2 U . 3 

0 

. 01 

2. 42 

.. 0242 

19 

25. 4 

. 01 

. 01 

1.95 

. 0371 

20 

3 1.3 

. 02 

. 01 

1.56 

. 0582 

21 

39. 4 

. 03 

. 01 

1.26 

. 0894 

d d 

49. 1 

. 05 

. 01 

1.01 

. 1388 

2 3 

61 

08 

. 01 

.31 

. 2143 

24 

75.7 

. 14 

. 01 

. 65 

. 33 

2S 

93. 6 

. 21 

. 01 

. 53 

. 5046 

'2 b 

lib 

. 34 

. 01 

. 42 

a %' f 5 

2 f' 

145. 9 

54 

. 01 

. 34 

1.ddb1 

20 

181.2 

. 85 

. 01 

. d 1*' 

1•S912 

2S 

2 2 0 ■ *4 

1.. 29 

. 01 

. c!. d 

2.7979 

30 

275. 6 

2. 06 

. 01 

.13 

4.375 

31 

339.2 

3. 2 

. 01 

. 14 

6.627;=; 

32 

413. 4 

4.82 

. 01 

.Id' 

9.8438 

■~; 

51 2 ■ 7 

7.61 

. 01 

. 09 

15.1408 

34 

652. 7 

12. 28 

. 01 

. 07 

24.5385 

oer 

309.9 

19. 32 

. 01 

. kit. 

37.782 

36 

999. 7 

29. 9 

.01 

. 04 

57.5654 

31'' 1 

1221.2 

45.07 

.01 

. 04 

85.9005 

3*3 

1526.5 

71.3 

. 01 

. 03 

134.2196 

! *! 

1964.3 

119.96 

. 01 

. 02 

222.3612 

40 

2 4 3 0. b 

193.11 

.01 

. 02 

354.4344 

41 

3053 

290.49 

. 0 1 

. 0 1 

536.8785 

42 

3891.1 

465.59 

.01 

. 01 

872.1019 

43 

4724.9 

723.. 3b 

. 01 

. 01 

1285.9015 

44 

5436.9 

1015.04 

. 01 

0 

1702.6491 

45 

7433.. G 

1807.25 

. 01 

0 

3233.1573 

46 

9020.4 

2 r' 35.4 »■' 

0 

0 

463b.7746 
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GLB Model TNC-2A Kll 


• AX 2D VHftlion 2 0 SOHwaUi 

• lyrminnl h.tiid rates 300.12(H). SMDl), 4H00. «G00 

• MuHipto connect a up to to siphon*) 

» Oatelhmu stiimpma 

» Sl.imnml 0B2D lor RS?3? coiimtchon 

• Simple radio hookup 

• H.kjio modern wminltin countor tor calibration 

• low pawn CMOS option 

• lulling indicator socket for Mf a ‘.piHim* wot*. 

• Modem disconnect lor tutuu* options 

• Lrthium biltUiry backup for RAM 



Hardware 

Software 

Doournentalion 


by TAPR 


Model TNC2A Kll NMOS 
Model TNC2A Kil CMOS 


CPU ZtVth ni.r rnurtwif'.MJ* 

Cluck ? 4fi?f> Mh; tomtom. 4 <I1W Me.* avanniilii 
Mimor’y VK If'fiOM tlir. RAM starvrr.iKt 

liniC I'ililArK Alt' i.iirilmlfm) tiy liii.4A.im In. Iti.it ittnim Ji 
turf mi m nil lull matin» uuwatum 
Minium 1700 toiui} Urn 70? t.urtipiition intiimnooi nanny < i; 

.100 tMmlWXJ Mr atutl tor Hi'- iso 
Sniiiil CniMpuhiuliniiiuipl iw>rt o iitiiMf.fi> ■stout tat it MS 7.1 J 
CPtopantrii* to' use with imt'.i ***»m***i»i»i*<i 
RaiflO W.itctulOi; Iiiihii hit cnpimyl iuntoction hiiii'innln ,u 
dUfustabte to< **e«**iy any »vKtn> W«Ji* Uyn.iiiiu; lanyt 
tlwtioitutoiw ChanriMi busy input (MF OCOi ro 
iipnarrussninr, on p ntwrrl crurniyi 
LEO* Mownr I ell a »ou whim power it. 

Slain* tolls, you whim you «.w unacknnwimiitod 


Quan lily 

discoufil schedule: 

1-2 pcs net 
3-4 pcs • 7% 
5-9 pcs • 10% 
10-19 pcs - 15% 
20 & up 20% 


Shipping wetghi - 5 ids 



NEMAL ELECTRONICS i 

Your Authorized 

BELDEN 

Distributor For coon* 

INTRODUCTORY SALE! 


Balden 

Nemal 


Per 

No. 

No. 

Description 

100 ft. 

8214 

1102B 

RG8 /U Foam 96% 

$45.00 

8237 

1100B 

RG8/U Poly 96% 

39.00 

8241 

1500B 

RG59/U Poly 96% 

13.00 

8287 

1130B 

RG213/U Poly 96% 

53.00 

9269 

1600B 

RG62A/U Poly 96% 

15.00 

8216 

1450B 

RG174/U Poly 96% 

12.00 

9913 

1180 , 

Low Loss 50 Ohm 

46.00 



OTHER QUALITY CABLES 


Nemal Per Per 

No Description 100 It. It. 

1110 RG8X 95% Shield (mini 8) 15.00 .17 

1130 RG213/U Mil Spec. 96% Shield 34.00 .36 

1140 RG214/U Mil Spec. Silver 155.00 1.65 

1705 RG142B/U Teflon Silver 140.00 1.50 

1310 RG217/U 5/6“ 50Ohm Dbl. Shld. 80.00 .85 

1470 RG223/U Mil Spec.-Sliver 80.00 .85 

ROTOR CABLE-8 CONO. 

8C1822 2-18 Ga. 6-22 Ga. 19.00 .21 

8C1620 2-16 Ga.. 6-20 Ga. Heavy Duty 34.00 .36 

HARDLINE-1/2" 

FXA12 Smooth Alum, w/black jacket 79.00 .89 

FLC12 Corrug'd. Copper(EQ. Hellax LDF) 159 00 1.69 

CONNECTORS - MADE IN U.SA. 

NE720 Type N lor Belden 9913 4.75 

PL259 Standard Plug for RG8.213 .65 

PL259AM Amphenol PL259 .89 

PL259TS PL259 Teflon/Silver 1.59 

UG21D Type N lor RG8,213,214 3.00 

UG175 Adapter forRG58 .22 

Call or write tor complete Price List co ° ° dd f2 0 ° 

Shipping: Cable — S3.00per 100 It. Florida Residents add5%. 

Connectors — and 10%. $3.00 minimum Orders under $20 Add $2 Handling 
Namal’s new 32-page Cable & Connector Selection Guide now available at 
no charge with orders of $50 or more oral a cost of $4.00 Individually. 

NEMAL ELECTRONICS .. 1S » 

12240 N.E. 14ih Ave., Dept. Q.. Miami. Ft 33161 
■■■■■ Telephone (305) 893-3924 


66 B3 June 1986 


glossary of terms 

Winding factor is the ratio of the total area of 
copper wire in the center hole of a toroid to the 
window area of the toroid. 

Window Area. CMIL • 1E6 circular. The unit 
"Circular MIL" is the area of a circle 1 mil in di¬ 
ameter. The number of circular mils in a square 

inch is, therefore - x 10 6 , or 1,273,237. Since 

7T 

1 mil is the thousandth part of an inch; there are 
1,000,000 square mils in a square inch. Thus the 
area of a cross-section expressed in circular mils 
is always bigger than the true area expressed in 
square mils, because the unit area to which the 
name "Circular Mil" has been given is smaller 
than the square mil. 

Heavy Enamel is a magnet wire having an ex¬ 
tra heavy film of enamel insulation (i.e., double 
coated). Its abrasion resistance is somewhat 
greater than regular enamel (i.e., single coated) 
magnet wire. 

MLT — full winding. MLT is the mean length 
of a single turn of wire. This will vary consider¬ 
ably between a single layer of wire and a core 
full of wire. The values of MLT are listed on each 
core size data sheet (see fig. 4). 

HDC (peak) Max. (core bias). DC current = 
peak current. If current is not direct continuous, 
then the peak (momentary) value is Used to 
determine core operating conditions. 

H 0.4tt • turns • peak magnetizing current 
mean magnetic path 

or H = ° —j — Oersteds 



recommended 

bias range Oersteds 

permeability 

below 6 

500 

6 to 22 

300 

22 to 35 

200 

22lo35 

173 

22 to 35 

160 

35 to 70 

147 

40 to 140 

125 

70 to 150 

60 

150 to 330 

26 

above 330 

14 









core O.D. 

0.53 

core ID 

0.275 

core height 

0.217 

core permeability 

160 

MHY/1000T (mH) 

72 

magnetic path 

1.229 

window area 

0.0756 

mean turn 

0.865 

HDC peak maximum 

20 

percentage MU @ HDC peak maximum 

0.8 

wound OD 

0.56 

wound ID 

0.18 

wound height 

0.31 

Note: Temperature rise for No. 30 AWG (copper loss only) is approxi¬ 
mately 10.53 degrees C. 

fig. 5. Input summary and wound inductor dimensions 

for a powdered iron core that is carrying maximum peak 
current. 


fig. 7. Basic program compensates for core permeability. 


ie rem ••••*m«m*********«*m«*»**«*«***«***r*******«»***»**««**»*«*#•*«•*• * 

20 REM POWDERED IRON CORES 

38 REM PROGRAM OEMERATES INDUCTOR 

48 REM DESIGNS CARRYIHO MAX. 

58 REM VALUES OP PEAK CURRENT. 

51 REM FEBRUARV23,1985 

52 (HEM WALTER KUNOE,P.E. 

59 a . 

68 MEM TORCHK1 PROORAM NOTES 

78 l 

88 MEM 1.USES MIRE SIZES 12AUG To 46AUG. 

128 REM 2.USE DATA PROM MAW4FTIC8, BUTLER. PA CATALOG l»P-3»3S. 

121 REM 3.CALCULATED I PEAK CONSIDERS CORE HOC MAX. ONLY. 

122 REM CURRENT CAPACITY OP HIRE IS SEPARATE CONSIDERATION AND INVOLVES THt 

123 REN DUTY CYCLE ALSO. 

138 i 

140 REM 06*66666666666666666666666668666666*6666666666»6****6*666»66*666*666* 

158 I 

170 DIM L<3S>,N<35>,CMHEW(3S>,PD8C33>,IDft0E(3S> 

tee DIM OHHS<3S),FE£T<33>,RDC<33>,ClM7<33>,&>KmXOS> 

198 ■ 

1*2 Rem cmcvy data (INCLUDES MIRE INSULATION) 

193 t 

280 OATA 73.18E+2,98.S2C+2,46.79E*2,37.586+2,38.83E+2,24.21E+2,19.36E*2 
218 OATA 15.68E+2,12.46C+2,18.85E+2.007.,658,,924.,424, ,342.,272.,219. ,188. 

228 OATA 144.,117.,96.8,77.4,68.8,49.8.39.7,32.9,26.8,28.2,16.8,13.8,18.2,8.4 
238 OATA 7.3,9.3,4.4 
248 ■ 

258 REM OMMS/FT OATR 

268 i 

278 OATA 1.99C—3,2.88E-3,2.92E~3,3.lSE-3,4.82E-3,5.89E-3,6, 3SE~3,8. 89E-3 
288 OATA 18.IE—3,12.BE—3,16.2E—3,28,3E-3,29.?E-3,32.4E-3,41.0E-3,51. 4E-3 
298 OATA 69. 3E-3,S1,2E-3,184.E-3,131.E-3,162.E-3,286.E-3,261.£-3,331. E-3 
388 DATA 419.E-3,912.E-3,640.E-3,847.E-3,188.E-2.132.E-2,166.E-2,214.E-2 
318 DATA 299.E-2,3•348,4.287 
328 • 

330 REM POUNDS/TT DATA 

348 i 

398 OATA 28.IE-3,I5.9E-3,12.6E-3,18.8E-3,7.95E-3,6.33E-3,5.83E-3,3.99E-3 
388 OATA 3.10E-3.2.53E-3.2.80E-3,1.606-3,1.26E-3,I.806-3,0.7S*4E-3,0.634E-3 
378 OATA 0.982E—3,0.489E-3,8.318E-3,0.293E-3,0.289E-3,8.162E-3,8.127E-3 
380 DATA 0. 101E~3,0.B05E-4,0.655E~4,0.91BE-4,0.397E-4,0.312E-4,0.294e-4 

398 OATA 8.283E-4,8.157E-4,8.131E~4,9.486-6,7.S8E~6 

488 • 

481 l 

418 REN IOAOE OATA 
428 i 

438 DATA 12,13,14,19,16,17,18,19,28,21,22,23.24,29,26,27,28,29,38,31.32,33,34 
448 DATA 39,36,37,38,39,48,41,42,43,44,49,46 

458 « 

478 « 

471 PRINT "3M ••• TORCHK1 INPUTS 666- 

472 PRINT 

488 Input ‘core outside oia.in.“joo 

481 PR I NT 

498 INPUT -CORE INSIDE DIA.IM.“»ID 
491 PRINT 

580 INPUT -CORE HEIOHT IN."fMT 
501 PRINT 

510 INPUT -CORE PCRMEA8I1 ITV" >U 

511 PRINT 

528 INPUT ‘CORE MNY/1000 TURNS",NMV 
521 PRINT 

538 INPUT -MAGNETIC PATH IN.">MMP 
531 PRINT 

548 IIPUT 'WINDOW AREA CMIL81E6 * IAW 
541 PRINT 

558 INPUT -ALT-FULL MlMOIMO-IN.">NLT 
551 PRINT 

568 INPUT -HOC (PEAK) MAX."lMPK 
561 PRINT 

578 INPUT -X MOM PERN 8 HOC <PK> MAX ."fP 
571 PRIHT 

588 PRINT - 88 CALCULATING 88 * 

598 i 

688 REM 88** CALCULATE CHARACTERISTICS OP FULL COIL FOR EACH MIRE SIZE 0888 
618 > 

628 l 

648 « FOR J-l TO 35 

658 i READ CMMEVV (J> 

668 i N(J).INT< ( 18)6 ((AW»B. 525618 0 8eee)X<Ch»<W(J >>>>/( 18) 

678 » NEXT J 

679 i 
698 i 

788 REM 8.525-.70(FILL FACTOR>8.75<AVAILABLE AREA) - WINDING FACTOR 
718 REM NOW CALCULATE DC RESISTANCE OF UIHOINOS 8 25 DEGREES C. 

728 i 


748 « FOR J .1 TO 35 

758 r READ OHMS(-J) 

768 i FEET<J>-INT(a.5+<10T2>6(MLT6N(J>/'l2>>/(I»t2> 

778 l ROC< J) —INT(<I0T2 >6<FEET(J)60HMS(J>>>/(I8t2> 

788 l NEXT J 

798 I 

880 REM NOW CALCULATE COPPER WEIGHT OF MlNO!NOS. 

828 i FOR J -1 TO 35 

838 • READ POS(J) 

848 i CUWT(J)-INT(0.9+(10t 2) 6<F£ET < J >6POS( J )>)/”< 10T2> 

898 i NEXT J 

860 i 

870 REM 888 HOW CALCULATE PEAK CURRENT IN AMPERES 888 
080 ■ 

900 i FOR J-1T039 

918 l APKMAX<J>«lNT((10t2>6<HPK6MMP62.02/'N<J>>>/<18T2> 

928 l NEXT J 

948 ■ 

941 i FOR J-l TO 39 

942 > READ IOAOE<J> 

943 l NEXT J 

944 i 

998 REM 888 HOW CALCULATE INDUCTANCE FOR EACH COIL AND CORE COMBINATION 000 
968 » 

988 I FOR J-ITO35 

998 . L<J>—INT((18t4>8<(N<J)/1888>t2>8NNV8P>/<18t4> 

1888 • NEXT J 

1820 i 

1038 REM 68NOM CALCULATE MOUNO DIMENSIONS 8 TEMP RISE USINO 38AW0 AS AVERAGE0* 

1848 « 

1858 ■ WOO-1 NT<1006SQR(<00t2 >*<8.568<IOt2>))lx108 
I860 l HID-INT<108*SQR<<IOT2>—<0.568<IOt2>>>>X100 
1078 « NHT—INT<1088(HT+IO-HIO>>/’100 

1888 ■ 

1898 i 8I0ES-3.141968W008WHT 
1188 i TP-<3.I415€6WODt2>/'4 
1118 * 

1128 REM 88ASSUMES 8MU RAOIATE0XS8.IN./DEGREE CENTI0RA0E88 
1138 l 

1148 TENRIZ-INT<1008(APKMAX(19>t28RDC(19>8125/'<SIDES+TP>>>^108 
1158 * 

1168 REM 664 OUTPUTS TO PRINTER 666 
1178 i 

US8 OPEN 4.4iPRINTtt4,CNR6(147>tCMD4 
1198 PRINT 
1288 PRINT 

1281 PRINT TAB<25)"666 TORCMK1 PROGRAM 666" 

1282 PRINT 

1218 PRINT TAB(25>"666 TOROIO INDUCTOR OESION 666" 

1228 PRINT 

1238 PRINT TA8(32>"P0W0£R IRON CORE" 

1248 PRINT 

1258 PRINT TAB<36>“CARRYING" 

1268 PRINT 

1278 PRINT TAB(29)"MAXIMUM PEAK CURRENT- 
1288 PRINT 

1298 PRINT" 686664666666666666666664466666666666866686666646664666W6 "I 

1291 PRINT"666666" 

1388 PRIHT 
1318 PRINT 
1320 X»44tVe>13 

1330 PRINT TA6<V)"CORE O.D.|">SPC(X-LEN<3TRt(00>>>>STR8<00) 

1348 PRINT TAB(V)-CORE I.0.t">SPC(X-LEN(STR6(ID>>>jSTR6(10) 

1350 PRINT TA0CV)"CORE HT. >"iSPC(X-LEN<STR6(HT>>>|STR8<MT> 

1360 PRINT TAB(V)"CORE PERM.i">SPC(39-LEN(STR6(U>>)jSTR6(U) 

1370 PRINT TAB<V)"MHV/1000Ti”»SPC<40-LEN(STR6<MNY))>iSTR6<MHY) 

1308 PRINT TAB<V)*MAO. PATHi“>SPC(43-LEN(STR6(MMP»>,STR6(MMP) 

1398 PRIHT TAB<V)“WINDOW AREA «"|8PC(41-LEH(8TR6(AW))>jSTR6(AW) 

1408 PRINT TAB<V)“MEAN TURN I“>SPC(42-LEN(STR6(MLT5>>#STR6(MLT> 

1418 PRINT TAB<V>“NOC PK MAXt“*SPC(39-LEN(STR6<HPK))>>STR6(MPK> 

1428 PRINT TAB<V>"JR1U • MDC PK MAX,-,SPC<36-LEN(STR6<P>>)>STR6<P) 

t430 Pffrwr 

1448 PRINT TAB<V>-WOUNO 0.OI *' >SPC(43--L£N(STR6<WOO)))>STR6(WOO) 

1498 PRINT 

1468 PRINT TAB(Y)"WOUND I.Of" jSPC(43-LEN<STR6(M10>>>>6TR6<MI0> 

1478 PRINT 

1488 PRINT TAB(V)"WOUND NT.I"jSPC(43-LEN(STR6(WMT>»»STR6(WHT> 

1498 PRINT 

1988 PRINT TAB<22)“TEMP. RISE FOR 30AHOCCU LOSS ONLY)" 

1901 PRINT TAB<27>“IS APPROX fjTEMRIZ/" DEO C." 

1510 PRINT 

1528 PRINT" 66666666666666666666666666666666666666666666666646666466"j 

1521 PRINT-666666" 

1538 PRINT04,0*6(19) iCM041 REM SKIP TO TOP OF NEXT PAOE 
1948 PRIHT 

1941 PRINT-66666666666666666666666666666666666666666666666666666668666646- 

1943 PRINT TAB<l«>-666 TORCNKt PROORAM 666" 

1944 PRINT 

1545 PRINT TAB(21>"CORE 0.0.l"|SPC(9~LEN(5TR*(00)>>jSTR6<00> 

1946 PRINT 

1598 PRINT TAB(25))U>“PERM.“ 

1570 PRINT " FULL 1“ 

1988 PRINT " HIRE COIL DC RES CU PEAk IMDUC » 

1688 PRINT - SIZE TURKS OHMS WT AMPS MHV - 

1628 PRINT 

1640 — 

1660 PRINT 

1678 FOR Jml TO 35 

1688 PRINT SPC(6-LEN(STR4(1OAOE< J ) ) ) ) jSTR4<IOAOE(J)> » 

1681 PRINT SPC(1 8~LEN(STR4< N(J> > >)|STR6(N< J)> t 

1682 PRINT SPC(14-LEN(STR6(R0C(J))))>STR6(R0C(J)>> 

1683 PRINT SPC(8-LEN(STR6(CUWT(J>)))jSTR6<CUMT( J > > j 

1684 PRINT 8PC(18—L£N(STR6<APKMAX(J)>))>8TR»(APKMAX(J ))t 
1718 PRINT 8PC(12-LEN(STR*(L(J))>>iSTR4(L(J>> 

1748 NEXT J 
1758 PRINT 
1768 PRINT 

1778 PRINT”66666666666666666666666666666666666666666666666666666666666*86" 

1788 PRINT04.CLOBE4 
1798 END 
READY. 


age reduction of permeability desired. The remaining 
core data is obtained from the selected core data sheet 
(fig. 4). 

Enter all inputs and run the program. Outputs are 
shown in figs. 5 and 6. 

When zeros are printed, it means that the calculated 
values are less than the number of decimal places in 
the printing format. These small values are not practi¬ 
cal to measure in most cases. 
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meteor scatter 
communications 

It’s been two years since my first ar¬ 
ticle on improving meteor scatter com¬ 
munication appeared in this column.' 
That article generated lots of interest 
and many readers have used the tech¬ 
niques described to improve their own 
meteor scatter QSO success rate. In 
that column, I described a method and 
a computer program designed to help 
pinpoint the peak of each of the major 
meteor showers. The predicted peak 
for upcoming meteor showers you see 
listed at the end of each monthly 
column is derived using this method. 

Since that column was written, 
many new improvements in prediction 
have taken place: shower peaks can 
now be predicted with greater accura¬ 
cy, and computer programs that help 
optimize scheduling are readily availa¬ 
ble. Because the summer months — 
along with a short peak from Decem¬ 
ber through early January — are prime 
time for meteor scatter communica¬ 
tions, it seems this would be a good 
time to present some additional tips on 
improving meteor scatter communi¬ 
cations. 

a quick review 

Meteor scatter communications 
uses the ionized trails left by meteors 
as they enter the earth's ionosphere. 
There are two basic types of meteors, 
sporadic and shower. Sporadic 
meteors are random in nature. They 
peak daily at about 6 AM and are at 
their minimum at about 6 PM local 
time. Shower meteors, on the other 
hand, peak at specific times of the year 
and can begin at any time of the day, 
depending on the radiant (the place in 


the sky from which the meteors seem 
to emanate). 

Amateurs in North America most 
often use the shower types, believed 
to be the remnants of old or extinct co¬ 
mets. These meteors generally provide 
more ionization and their time of arrival 
is more predictable than that of 
sporadic meteors. Shower meteors 
usually are in greater quantity than 
sporadic meteors; the typical shower 
lasts from 12 hours to several days (for 
at least 25 percent of the peak time). 
As a result, meteor showers are more 
reliable for completing a QSO than 
sporadic types. 

"That's fine," you say. "I've looked 
at the meteor shower peak prediction 
method in reference 1 and even ran 
schedules during the peak hours list¬ 
ed at the end of 'VHF/UHF World' 
each month with only limited success. 
What am I doing wrong?" 

Several questions must be an¬ 
swered. First and foremost, was the 
other station definitely on the air dur¬ 
ing the schedule? Was it on the right 
frequency and using the correct tim¬ 
ing sequence? Was all your gear and 
the other station's gear operational — 
or did one of the stations have a trans¬ 
mitter or receiver sensitivity problem? 
Was the transmitted power and anten¬ 
na gain sufficient at each end of the 
path? "Of course," you insist. Then 
read on! 

One potential problem is the dis¬ 
tance between stations. Generally, the 
optimum distance for meteor showers 
is between 700 and 1000 miles 
(1125-1610 km). Distances less than 
about 700 miles are a problem because 
your antenna must be elevated for 
maximum signal strength and the 
bursts are usually shorter. 


Longer distances out to about 1400 
miles (2250 km) are possible using 
meteor scatter. However, for best 
results use only the high-speed meteor 
showers, which have increased ioniza¬ 
tion higher in the E region. (More on 
this later.) 

The most productive schedules are 
usually run during the hours or days 
when the meteors are above 25 per¬ 
cent of the peak of the shower; this is 
called the peak time of the shower. 
Running a day or so ahead or behind 
the peak may be less productive, es¬ 
pecially if the shower is one of short 
duration. 

The procedure for determining the 
shower peak time and date was 
described in detail in reference 1, so it 
won't be repeated here, though table 
1 has been revised to show the latest 
ecliptic longitude at 0000 UTC. For 
those who don't care to work out the 
peaks or use the computer program 
listed in reference 1, the predictions of 
major showers are listed each month 
at the end of this column. 

W9IP mentioned that the ecliptic 
longitude tables shown in reference 1 
may not be accurate enough to be re¬ 
used every four years as originally sug¬ 
gested. This is true because the tables 
may vary by up to several hours over a 
four-year period. So I've updated the 
daily ecliptic longitude in table 2 and 
made appropriate corrections. 

If a "fudge factor" of about 0.12 
(equivalent to about three hours in four 
years) is added to the values shown in 
the tables every four years hence, the 
tables can be used for many years with 
a high degree of accuracy. For exam¬ 
ple, the 1986 table can be reused for 
1990 by simply adding 0.12 to each 
value. Hence January 3, 1990 has a 
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Table 1. 


Shower name 

E.L.* 

Best dates 

Quadrantids 

282.855 

January 2-4 

April Lyrids 

31.8 

April 20-24 

Eta Aquarids 

44.5 

May 2-7 

Arietids 

76.5 

June 1-15 

June Lyrids 

84.5 

June 10-21 

Delta Aquarids 

126.0 

July 26-30 

Perseids 

139.3 

August 10-14 

Orionids 

207.4 

October 18-23 

Taurids 

221.0 

October 30- 
November 10 

Leonids 

234.7 

November 14-19 

Geminids 

261.2 

December 10-15 

Ursids 

270.5 

December 20-24 


Duration** 

Hourly 

ratet 

Velocity 

(km/secl 

Local timet 
rise/set 

14 hrs 

110 

41.5 

2300-1800 

2.3 days 

15 

47 

2100-1100 

3 days 

20 

67 

0300-1200 

8 days 

60 

37 

0300-1530 

7 days 

10 

31 

2100-1100 

7 days 

35 

42 

2200-0600 

4.6 days 

65 

60 

(Note 1) 

2 days 

30 

67 

2230-0930 

20 days 

10 

30 

1900-0630 

4 days 

20 

71 

2300 1230 

2.5 days 

50 

36 

1800-1000 

2.2 days 

15 

33 

(Note 21 


* Ecliptic longitude in 1960 coordinates. 

*‘Duration is the amount of time that the meteors are above 25 percent of the peak of the shower, 
tEstimated meteors per hour at maximum. Can vary greatly from year to year depending on shower, 
t Local time for northern mid-latitudes. 

Note 1. Never sets. Minimum at 1730. 

Note 2. Never sets. Minimum at 2030. 


corrected ecliptic longitude of 282.43; 
1994, a corrected value of 282.55. For 
maximum precision, the computer 
program shown in reference 1 is 
recommended, since it contains an al¬ 
gorithm for continuously updating the 
daily ecliptic longitude with minimal er¬ 
ror, regardless of dates. 

However, the primary factor in in¬ 
creasing the probability of a success¬ 
ful QSO is determining the optimum 
time of the day for the desired path 
direction during or near (± 12 hours) 
the predicted peak of a meteor show¬ 
er. W4LTU provided guidelines in his 
tables in references 2 and 3, but they 
were only guidelines and no specifics 
on distances or probabilities were in¬ 
cluded. 

Why is this consideration so impor 
tant? Meteors enter the ionosphere in 
a specific geometry, depending on 
where they're encountered by the 
earth in its orbit around the sun. If the 
meteors are entering on the opposite 
side of the earth from your QTH, the 
chance of a completed meteor scatter 
QSO is slim. 


If the geometry of the meteor show¬ 
er is favorable, there will be a time 
when the meteors enter the iono¬ 
sphere in the optimum direction at the 
best entry angle, yielding specular 
(i.e., mirror-like) reflection to radio sig¬ 
nals on a specific path as explained by 
Bain. 23 

Villard, et. al., described this geom¬ 
etry in detail in reference 4. Meeks and 
James further defined the ideal geom¬ 
etry for specular reflection on forward 
scatter, suggesting that the ideal ge¬ 
ometry occurs when the meteors cross 
at right angles to the great circle path 
between the transmitter and receiver 
and enter the ionosphere at an eleva¬ 
tion angle of 45 degrees. 6 Meeks and 
James then derived a complicated set 
of formulas for determining the 
decrease in performance from the ideal 
case. They called this term "effec¬ 
tivity," 

This can best be visualized as a mir¬ 
ror reflecting the wave to the proper 
point. Whenever the trail is properly 
oriented (consider the reflection region 
to be the mirror), the incident wave will 


be reflected directly back to the desired 
destination. Furthermore, the angle 
the incident wave makes with a per¬ 
pendicular to the mirror will be the 
same as the angle the reflected wave 
makes with the perpendicular. As the 
mirror is moved from this ideal orien¬ 
tation, only a portion of the incident 
wave will be projected onto the correct 
region of the mirror for reflection back 
to the desired location. 

Thus as the reflection mirror is 
tipped away from the ideal orientation, 
the amount of reflected signal in the 
desired direction falls off. By calculat¬ 
ing the amount the reflecting surface 
is tipped away from the ideal orienta¬ 
tion, it's possible to evaluate the "ef¬ 
fectiveness" of the reflection process. 

Damboldt simplifed the equations 
for effectivity. 6 With the help of Chip 
Brown, KR1P, I have simplified these 
equations even further to yield a per¬ 
centage of probability from the ideal 
case as follows: 

Effectivity = 200* [Sin H«Cos 
H • Sin(p-a)]. Where Effectivity is a per¬ 
centage from 0-100 percent, H is the 
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Table 2. Updated Ecliptic longitudes at 0000 UTC for selected days (from the Ameri 
can Epherimis and Nautical Almanac for the year of interest). The tables can be used 
over every four years if a small correction is applied as described in the text. 


Date 

1986 

1987 

1988 

1989 

Jan 3 

282.31 

282.13 

281.91 

282.68 

Jan 4 

283.33 

283.15 

282.93 

283.70 

Jan 5 

284.35 

284.17 

283.95 

284.72 

Apr 21 

30.61 

30.43 

31.20 

30.97 

Apr 22 

31.58 

31.41 

32.18 

31.94 

Apr 23 

32 56 

32.38 

33.15 

32.92 

May 4 

43.25 

43.08 

43.84 

43.61 

May 5 

44.22 

44.04 

44.81 

44.58 

May 6 

45.19 

45.01 

45.78 

45,54 

Jun 5 

74.06 

73.89 

74.65 

74,41 

Jun 6 

75.02 

74.84 

75.60 

75.37 

Jun 7 

75.98 

75.80 

76.56 

76.32 

Jun 14 

82.67 

82.50 

83.25 

83.02 

Jun 15 

83.62 

83.45 

84.20 

83.97 

Jun 16 

84.58 

84.41 

85.16 

84.93 

Jul 27 

123.69 

123.52 

124.27 

124.04 

Jul 28 

124.65 

124.47 

125.23 

125.00 

Jul 29 

125.60 

125.43 

126.18 

125.96 

Aug 11 

138.05 

137.88 

138.63 

138.40 

Aug 12 

139.01 

138.84 

139.59 

139.36 

Aug 13 

139.97 

139.80 

140.55 

140.32 

Oct 20 

206.31 

206.13 

206.90 

206.67 

Oct 21 

207.30 

207.12 

207.90 

207.67 

Nov 2 

219.28 

219.09 

219.88 

219.64 

Nov 3 

220.28 

220.09 

220.88 

220.67 

Nov 4 

221.28 

221.09 

221.88 

221.67 

Nov 16 

233.34 

233.15 

233,94 

233.70 

Nov 17 

234.32 

234.16 

234.95 

234.71 

Nov 18 

235.35 

235.17 

235.96 

235.72 

Dec 12 

259.66 

259.48 

260.27 

260.03 

Dec 13 

260.68 

260.50 

261.29 

261.05 

Dec 14 

261.70 

261.51 

262.31 

262.06 

Dec 21 

268.82 

268.64 

269.43 

269.19 

Dec 22 

269.84 

269.65 

270.45 

270.21 

Dec 23 

270.85 

270.67 

271.47 

271.23 


elevation angle of the meteor entry 
path, p is the azimuth of the great cir¬ 
cle path, and a is the azimuth of the 
meteor path. 

For example, if the great circle path 
from the transmitting to the receiving 
station is 225 degrees, the meteor path 
is 135 degrees, and the meteor enters 
the ionosphere at an elevation angle of 
45 degrees, the effectivity is 100 per¬ 
cent. However, if the meteor enters on 
an azimuth path of 180 degrees at a 
30-degree elevation angle, the effec¬ 
tivity is only about 62 percent. Gener¬ 
ally speaking, effectivities of greater 
than 50 percent are desiredIf the ef¬ 
fectivity drops below 25 percent, the 
path is very poor and probably not 
worth your precious time. 

finding the best time for a 
path 

As mentioned above, one of the 
most important considerations in set¬ 
ting up a schedule is choosing the op¬ 
timum time for the desired path 
direction. Some of this information is 
included in the table prepared by 
W4LTU. 23 However, it is incomplete 
and doesn't list all the optimum times 
or all path directions, or cover differ¬ 
ent distances . 

A computer program that calculates 
the most "effective” time for a meteor 
scatter path between your station and 
the station scheduled during any of the 
well-known annual meteor showers 
has been written. Even if you don't 
have a computer, read on; there will 
be useful information for you! 

The program first determines the lo¬ 
cation (above the great circle path! in 
the E region where the scattering from 
the meteor trail will occur, provided 
that the meteor trail passes through 
this region in the correct direction. 
Either of W4LTU's Q-STarticles 2 3 illus¬ 
trate this meteor trail geometry for a 
given beam heading. The heading to 
the other station can be easily found 
using the equations for determining 
the great circle bearing direction. 7 

The program works out all the as¬ 
tronomical calculations necessary for 
the meteor shower selected. Armed 
with these three known quantities (the 


location of the reflection point, the 
great circle path, and the direction of 
the path of the meteors as they enter 
the E region), the program will evalu¬ 
ate the "effectiveness" (or the orien¬ 
tation of the ionized trails in providing 
a properly positioned layer or surface 
on which the specular reflections can 
occur.) 5 

The orientation of the ionized 
meteor trails in this particular location 
in the E region varies as the earth ro¬ 
tates; the program will indicate the op¬ 
timum or most "effective" time of the 
day for the use of the path. Because 
some showers are from radiants of 
high declination while others are from 
lower declination, it follows that some 
showers are better suited for particu¬ 
lar great circle paths. 


The program also calculates the 
beam offset angle from the great cir¬ 
cle bearing path as a function of time 
for those who need to compensate for 
this effect. 2 3 

The astronomical calculations begin 
with the equations found in the annu¬ 
al American Epherimis and Nautical 
Almanac. These equations are used to 
determine the day of the year when 
the earth passes through the shower 
and the "right ascension" of the show¬ 
er at the start of that day. This infor¬ 
mation is then used to determine the 
direction of the meteors, since they'll 
be passing through the E region scat¬ 
tering location or volume. Moreover, 
because of the earth's rotation and its 
orbit about the sun, this location in the 
E region will continuously sweep 
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GMT 

OFST 

Path Effectivity (%) 

GMT 

0000 

1.2 

21 

0000 

0015 

1.3 

20 

001 5 

0030 

14.6 

20 

0930 

0045 

15.2 

23 

0945 

1000 

15.6 

2 7 

1000 

1015 

15.8 

3) 

1015 

1030 

15.7 

36 

1030 

1045 

15.2 

40 

1045 

1100 

14.3 

45 

1100 

1115 

13.2 

50 

1115 

1130 

11.8 

54 

1130 

1 L 45 

10.2 

59 

1145 

1 >00 

8.7 

64 

1200 

1.215 

7.3 

68 

121 5 

1 >30 

6.1 

73 

1230 

1 >45 

5.0 

77 

1245 

1 100 

4. 1 

81 

1300 

1 115 

3.3 

85 

1315 

1 130 

2.7 

88 

.13 30 

1 145 

2.3 

91 

1345 

1 400 

1 .9 

93 

1400 

141 5 

1 .6 

95 

1415 

1430 

1.4 

97 

1430 

1445 

1.2 

98 

1445 

1 500 

1 . 1 

98 

1500 

1515 

1.0 

99 

151 5 

1 530 

1.0 

98 

1530 

1545 

0.9 

97 

1545 

1 600 

0.9 

96 

1600 

161 5 

0.9 

94 

161 5 

1630 

0.9 

92 

1630 

1645 

0.9 

90 

1645 

1 700 

0.9 

87 

1700 

1715 

0.9 

84 

1715 

l 730 

0.9 

80 

1730 

l 745 

0.9 

77 

1745 

1800 

0.9 

73 

1800 

1815 

0.9 

69 

1815 

1830 

0.9 

65 

1830 

1845 

0.9 

61 

1845 

1 ‘700 

0.9 

58 

1 900 

1015 

0.9 

54 

1915 

1 030 

0.9 

50 

1930 

1045 

0.9 

47 

1945 

2000 

0.9 

44 

2000 

2015 

0.9 

41 

201 5 

2030 

0.9 

39 

2030 

2045 

0.9 

36 

2045 

2100 

0.9 

34 

2100 

2115 

0.9 

32 

2115 

2130 

0.9 

31 

2130 

2145 

0.9 

29 

2145 

2200 

1 .0 

28 

2200 

221 5 

1 .0 

27 

2215 

2230 

1 .0 

26 

2230 

2245 

1.0 

25 

2245 

2 300 

1.1 

24 

2300 

2315 

1 .1 

23 

2315 

2330 

1 .1 

22 

2330 

2345 

1.2 

21 

2345 

2400 

1.2 

20 

2400 

fig 1. 

This is a printout of the predicted effectivity of the Perseids meteor shower for a 

southwesterly path from latitude 40 degrees north and longitude 76 degrees west as gener- 

ated by the computer program mentioned in the text. Time shown is UTC. 
further use and interpretation. 

See text for 


throughout the swarm of meteors in 
an ever-changing direction. The ideal 
direction of the trails as they pass 
through the E region will be such that 
specular reflections will take place over 
the desired path. 

For some paths and some showers, 
these ideal direction situations may be 
reached. Though it sometimes lasts for 
only an hour, this near-ideal situation 
can persist for many hours in other 
combinations of paths and showers. 
For some showers this occurs only 
once a day; for others, it occurs twice 
during the same day. 

The computer program recalculates 
all of these geometric changes of the 
path in the E region with respect to the 
desired propagation path at every 
15-minute interval throughout the day. 
At each 15-minute interval the "effec¬ 
tiveness" of the path geometry is also 
evaluated. 

The final output of the program is 
a tabulation and plot of the path's "ef¬ 
fectiveness" at each 15-minute inter¬ 
val. Thus the "effectiveness" plot 
indicates the time of day when astro¬ 
nomical orientation of the meteor trails 
is most favorable for providing specu¬ 
lar reflection along the desired path. 
The actual value of the plot is a meas¬ 
ure of how near specular the reflec¬ 
tions will be for the time of the 
calculation. 

computer programs 

A copy of this program is being 
offered for IBM or IBM-compatible 
PCs at a nominal fee to cover cost of 
reproduction and mailing.* A floppy 
disk copy of the program is also 
available. 

Credit for writing this program goes 
to Chip Brown, KR1P, who spent 
many hours customizing and debug¬ 
ging it so that the results would be as 
accurate as possible. 

A typical printout of the program is 
shown in fig. 1. This shows a south¬ 
westerly path of approximately 900 

"A copy of the meteor shower effectivity program writ 
ten in BASIC for IBM or IBM-compatible PCs is avail 
able for $2.00 from Gary Field, WA1GRC, 2 Pluff 
Avenue, Reading, Massachusetts 01824. A floppy disk 
with the same program is available for $15.00, which 
includes cost of the disk and mailing. 


miles (1450 km) during the Perseids 
meteor shower from a latitude of 40 
degrees north and a longitude of 76 
degrees west (the corner of VUCC grid 
squares FM19, FM29, FN10 and 


FN20), approximately in the middle of 
the Eastern Standard Time (EST) 
zone. This path can be duplicated or 
correlated later if you obtain the pro¬ 
gram. 
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Because no real meteor shower 
enhancement is indicated from 0015- 
0930 UTC, this wouldn't be a good 
time to run this path direction. How¬ 
ever, note that the path effectivity 
exceeds 50 percent (the typical mini¬ 
mum criteria as stated earlier) from 
about 1115 UTC (0615 EST) until after 
1930 UTC (1430 EST). A long-duration 
smooth peak that reaches maximum at 
about 1515 UTC (1015 EST) is evident. 

Figure 1 is also valid by simply scal¬ 
ing the time for schedules where one 
of the stations is near the 40th parallel 
but at a different longitude. A station 
located near a longitude of 91 west can 
use this path directly by just adding 
one hour to the times shown. Since 
the geometry moves westerly at a rate 
of 15 degrees per hour, a station near 
a longitude of 106 west can add two 
hours. 

Beam offset is also shown on the 
printout for those who want to 
optimize this geometry. W4LTU has 
explained this principle in references 2 
and 3. Normally this isn't important 
unless you're on the bands above 2 
meters or if the gain of your antenna 
is high (narrow beamwidth). However, 
every little bit of help is worthwhile, 
especially on the higher bands. 

using the effectivity graphs 

Judging from the many letters and 
questions received, there seems to be 
a lot of interest in finding the optimum 
time for a particular path during a 
meteor shower. The program de¬ 
scribed will do this for anyone with the 
appropriate computer. But some 
Amateurs interested in meteor scatter 
don't have computers; others are 
interested only in certain paths. Still 
others are interested only in some of 
the typical optimum paths for the 
major showers. 

Tabulating all path possibilities like 
the one shown in fig 1 would be a 
monumental task. Consequently, I've 
decided to provide optimum path data 
for three of the major meteor showers. 
Since much of the Amateur commu¬ 
nications activity during meteor 
showers in North America has at least 
one of the stations near the 40th par¬ 


allel, this is the data I tabulated. Other 
stations even several hundred miles 
north or south will often experience 
similar effectivity. Although it may be 
shifted an hour one way or the other, 
there probably won't be a great deal 


of change if you're running near the 
peak effectivity points. If you don't 
have the computer capability, maybe 
the other station or a friend with the 
appropriate computer can run a listing 
for your specific shower and path. 
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fig. 2. These graphs show the predicted effectivity for the Quadrantids meteor shower. 
All times shown are local. Original data was taken from Iatitude40 degrees north and long¬ 
itude 76 degrees west but can be used at other locations as explained in the text. Paths 
shown are as follows: A) north, B} northeast, C) east, D) southeast, E) south, F) southeast, 
G) west, H) northwest. 
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The data shown on figs. 2, 3, and 
4 is for a nominal path length of 900 
miles (1450 km). The times listed are 
local standard time. All the data was 
run from a latitude of 40 degrees north 
and a longitude of 76 degrees west, 
right in the middle of the Eastern time 
zone of the United States. 


Because it's normalized to local time 
(even though the computer program 
uses UTC) the data in figs. 2, 3, and 
4 is directly usable in all time zones. In 
addition, eight different directions 
have been shown so that you can pick 
the optimum time based on the direc¬ 
tion desired. 
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fig. 2. cont. 


With these graphs, you'll be able to 
easily discern any path differences by 
comparing one with another. For 
instance, examine the graphs for the 
Perseids shower (fig. 3). You'll see 
that the east and west paths are fair 
at two different times per day while the 
southeast and southwest paths are 
good only once a day. You'll also 
notice that the east and west as well 
as the southeast and southwest paths 
are identical except for a time shift! 
However, the latter paths are better 
when open than the former paths. 
Other information can be gleaned by 
examining the graphs for the other 
paths and showers. 

monitoring a shower 

Several suggestions about monitor¬ 
ing showers were made in reference 1. 
Lower frequencies can be monitored. 
Some Amateurs have suggested 75 
MHz because the FAA has thousands 
of landing beacons on this frequency. 
Others prefer the FM band, 88-108 
MHz. 

If you use a lower frequency for 
monitoring, the lower directivity of 
your receiving antenna and the pres¬ 
ence of bursts don't necessarily indi¬ 
cate that 2 meters or higher frequen¬ 
cies are optimum. Random meteors 
that will easily ionize up to 108 MHz 
are often present regardless of the time 
of day or year. Therefore, I still feel 
that it's better to use the video carriers 
on TV channels 12 or 13 as explained 
in reference 1. These frequencies are 
good indicators since they also show 
that the path is open up to at least 200 
MHz, simplifying determination of the 
optimum path. 

Furthermore, the speed of a meteor 
shower and the size of its particles are 
good indicators of the distance you 
can communicate. More specifically, 
because of the earth's velocity of rota¬ 
tion, meteors enter the ionosphere at 
approximately 15-70 km/second. The 
entering speed of the particles during 
a meteor shower is fairly well known 
and is tabulated in table 1. 

Meteors typically ionize a fairly nar¬ 
row region of the ionosphere between 
50 and 75 miles above the earth. 
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fia 3 These qraphsshown are the predicted effectivity for the Perseids meteorshower. All times shown are local. Original data was taken from latitude 40 degrees north and longi¬ 
tude T^degrees west bu" can be used at other locations as explained in the text. Paths shown are as follows; A) north, B) northeast. C! east, D) southeast, Ei south, F) southeast. 

Gl west, H) northwest. 
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fig. 4. These graphs show the predicted effectivity fortheGeminids meteor shower. All times shown are local. Original data was taken from latitude 40 degrees north and longitude 
76 degrees west but can be used at other locations as explained in the text. Paths shown are as follows: A) north, B) northeast, deast. D) southeast, El south, F) southeast, G) west, 
H) northwest. 




Generally speaking, the higher-speed 
showers ionize at the upper height and 
the lower-speed showers at the lower 
height. Also, those meteors with larger 
particles tend to ionize in the lower 
regions. What this means is that the 
lower the ionization takes place in the 
ionosphere, the shorter the DX path. 
The Geminids meteors, for example, 
have relatively large particles; they're 
also a relatively slow shower. Conse¬ 
quently, 1100 miles (1770 km) is about 
the maximum reliable distance. 

The Perseids, Orionids, Eta 
Aquarids, and Leonids, on the other 
hand, are fast showers and therefore 
yield the longest communications dis¬ 
tances — up to about 1400 miles (2250 
km). 

I've been trying to integrate this 
information for some time. Gritting my 
teeth, I prepared the graph shown in 
fig. 5. While it may not be technically 
accurate, especially at the upper end, 
it will at least show a trend based on 
my meteor shower speed and propa¬ 
gation observations. 

From fig. 5 it should be obvious that 
the Perseids, Eta Aquarids, Orionids, 
and Leonids are preferred for 135- and 
70-cm operation. However, remember 
that lots of meteors are also desirable. 
Table 1 shows that among these four 
showers, only the Perseids has a high 
hourly rate, a necessary ingredient for 
completing a QSO. Don't fret. The 
Leonids are due to peak again in the 
late 1990s — so be ready! 

meteor scatter records 

In last July's column, I listed North 
American meteor scatter records in 
table 4. B None exceeded 1470 miles 
(2365 km). Since then, several stations 
have sent me reports of being heard 
further than this distance, but it 
appears that no QSOs have been suc¬ 
cessfully completed. All of these con¬ 
tacts were during the Perseids meteor 
shower. 

Ironically the 2-meter meteor scat¬ 
ter record has just been shattered by 
a great distance and during the 
Geminids meteor shower! Congratula¬ 
tions to K5UR in Cabot, Arkansas, and 
KP4EKG near San Juan, Puerto Rico, 


who on December 13, 1985 completed 
a meteor scatter QSO during a sched¬ 
ule from 0400-0530 UTC. The length 
of this path was an incredible 1960 
miles (3153 km)! 

How can this long distance path 
exist? Since it took several bursts to 
complete the QSO and signals were 
moderate at best, the only plausible 
explanation is that they used double¬ 
hop meteors. This is probable since the 
quantity of the meteors in the 
Geminids shower is high and therefore 
would support such a theory. Does 
anyone have a better explanation? 

summary and conclusion 

To improve your chances of suc¬ 
cessful meteor scatter communica¬ 
tions, it's most important to use the 
optimum time for the desired path 
based on the geometry of the meteor 
shower. You can use the graphs and 
other information generated by the 
"effectivity''-predicting computer pro¬ 
gram to determine these optimum 
times. 

Operating during the peak encoun¬ 
ter of the shower with the earth is 


important, but it will be useless if the 
meteors are on the other side of the 
earth, if the path of the shower was 
perturbed by an encounter with one of 
the other planets in the shower orbit, 
or if you're not properly oriented to 
increase the path ''effectivity.'' 

Packet radio is now a reality; 1986 
should be the year in which many 2- 
meter QSOs will be completed using 
this relatively new mode. Europeans 
have been using a type of packet radio 
for many years in the form of high 
speed CW, sometimes exceeding 100 
words per minute with great success 
— even in the absence of showers and 
at almost any hour of the day. At this 
high speed the bursts may be short, 
but if they're tape-recorded and played 
back at lower speed, a lot of informa¬ 
tion can be extracted from even a very 
short burst. 

acknowledgments 

This month's column would not 
have been possible without the help of 
Chip Brown, KR1P, who provided the 
meteor scatter effectivity program dis¬ 
cussed. I'd also like to thank Gary 


82 63 June 1986 




Field, WA1GRC, who has volunteered 
to distribute this program, and Mike 
Owen, W9IP, who pointed me to¬ 
wards new references that yielded 
improved meteor shower data. 

important VHF/UHF events: 

Jut nr 6: Predicted peak of the daytime 

Arietids meteor shower at 0100 
UTC 

June 7 8: ARRL VHP QSO Party 
June IS: Predicted peak of the June 

Lyrids meteor shower at 2100 
UTC 

June 21: EMB perigee 
June 21: Mean date + one month for the 
v peak of sporadic-B propagation 
July 2: J: 2 weeks look for European 

openings on 6 meters. 

July 18-20: CQ Magazine VHP WPX contest 
July 19: EMB perigee 

July 20: Look for 2-meter sporadic B i: 2 

weeks of this date. 

July 25-27: Central States VHF Conference 
in St. Louis, Missouri. (Contact 
NO/S for details ! 

July 29: Predicted peak of the Delta 

Aquarids shower at 0845 UTC. 
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SPRING SUNSPOT 
SALE! 

SAVE $7 00 

COMPUTERIZED DX EDGE 
Generate your own Greyline display. 

Xantek has adapted their best selling DX 
Edge to the computer world and it 
comes at a very reasonable price. This 
computerized operating aid brings into 
your ham shack the ability to know and 
predict when and where DX is going to 
appear. When you are using the pro¬ 
gram, the computer will automatically 
update the information as the sun 
progresses across the face of the Earfh. 
To make the computerized DX Edge even 
easier to use. the display is keyed to the 
DXCC list and the 40 CQ zones. Disk and 
documentation included. This is some¬ 
thing you've Got to have! 1985. 

XN-C64 (For Commodore C-641REG 34.95 

3g£ Now JUST $27.95 

Please add S3 50 tin postage and handling 




STATE OF 
THE ART 

The ARRL 1996 Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1192 pages of com¬ 
prehensive information for the 
radio amateur, engineer, tech¬ 
nician and student. Paper edition: 
S18 in the U.S.. S19 in Canada, and 
elsewhere. Clothbound S27 in the 
U.S., S29 in Canada and elsewhere. 
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225 MAIN ST. 
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Experiment with RF circuits 
using this fast, simple technique 

a universal analog breadboard 


Even at its best, breadboarding is always a prob¬ 
lem, particularly when a little circuit complexity is 
involved. Digital breadboarding has been made eas¬ 
ier by the availability of various commercial bread¬ 
boards that nicely accommodate the digital DIP pack¬ 
ages; analog breadboarding, however, remains an art 
of arranging, in seemingly random fashion, a multi¬ 
tude of varied components on some substrate 
material. 

Although digital breadboards can be used for ana¬ 
log breadboarding, the component leads just don't 
seem to fit properly and the interelectrode capacitance 
is much too high for analog circuits operating much 
above 1 MHz or so. Other materials such as perf-board 
work well for anyone who's organized enough to fully 
lay out the assembly carefully before starting, but if 
you're going to go to all that trouble, you might as well 
lay out a PC board. Also, if the circuit being breadboard- 
ed is RF in nature, a ground-plane substrate is necessary; 
this requires tedious cutting and peeling off the ground 
plane to fabricate a functional breadboard. 

The primary value of the breadboard lies in its ease 
of preparation and use; if a great amount of planning 
is required for just building the breadboard, much of 
the advantage of its use is lost. 

An analog breadboard system has to be versatile 
enough to accommodate the wide variety of analog 
component types, yet provide for very simple fabri¬ 
cation of the circuit. Stray capacitance and inductance 
must be made very low; good ground plane construc¬ 
tion is a must. Changes, additions, and deletions must 
be simple to make. 

choosing a breadboard type 

Having tried a variety of breadboards — from com¬ 
mercial spring-boards to nails driven into a piece of 
plywood — I thought a slightly different approach 
might be in order. One of my principal requirements 
was that the breadboard be adequate for simple RF 
designs. Generally, complex RF circuits such as com¬ 
plete receivers or high-gain amplifiers require more 
elaborate construction than a simple breadboard will 


allow because of the difficulty in controlling unwanted 
coupling. However, crystal oscillators, single-stage RF 
amplifiers, and modulators, for example, should be 
appropriate applications for this breadboard technique. 

The artwork for a good basic design, a 1/16 inch 
(0.16 cm) thick PC board with a ground plane on the 
bottom side and dot and trace pattern on the top side, 
is shown in fig. 1. The traces allow two power sup¬ 
plies and ground to be conveniently bussed around 
the breadboard. Running power to all the various 
points where it's needed always seems to present a 
problem in any breadboard, particularly when you're 
making a lot of changes as you try out different cir¬ 
cuit configurations. The power busses provide a con¬ 
venient means of accessing the power supplies with¬ 
out having to daisy-chain the power conductors. 

Grounding in analog designs is particularly impor¬ 
tant. Daisy-chaining ground can lead to some very 
unusual performance (for example, when your ampli¬ 
fier works better as an oscillator than an amplifier). 
The ground bus provides a good ground for all but the 
most demanding circuit designs. Power and ground 
are brought onto the breadboard at the three termi¬ 
nals at the edge of the board. This keeps the power 
leads out of the circuit area, preventing disturbances 
that could be caused by the leads lying in the circuitry. 
It also helps prevent power leads from deciding to 
detach and fall on the most critical (or expensive) com¬ 
ponents, generally with spectacular results. 

A set of pads for installing power supply bypass 
capacitors has been provided at the lower left and 
right-hand comers of the trace pattern. Since long 
leads are often used to supply power to an experimen¬ 
tal circuit, good bypassing of the supplies on the 
breadboard is very important. The bypass capacitors 
are often rather large and inconvenient to have in the 
middle of the breadboard circuit. Placing them at the 
lower edges of the work space gets them out of the 
way. 

By Michael Gruchalla, 4816 Palo Duro N.E., 
Albuquerque, New Mexico 87110 
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fig. 1. Breadboard artwork. 
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fig. 2A. Artwork for trace side for the larger breadboard. 



The actual circuit nodes are simply PC dots arranged 
in rows and columns, allowing circuit components to 
be soldered directly to them without the need for holes 
to accommodate the component leads. The particu- Mw 
lar dot used has a very large center hole compared to 
normal PC dots of its size; this minimizes the capaci¬ 
tance of the dot to the ground plane and provides a 
dot large enough to solder to. The capacitance of each 
of the pads to the ground plane is about 0.5 pF, which 
is generally low enough to be usable up to 1 GHz. 

Circuit ground can be provided in two ways. The 
ground bus is adequate for DC and low-frequency 
applications. High-frequency circuits generally require 
very tight grounding of various points, and in these 
cases the ground bus cannot be used very effectively 
because of the inductance of the wire that must be 
tied from the node to be grounded to the ground bus. 

Good grounding can be obtained by drilling through 
the board in the center of the pad that must be 
grounded, running a piece of bus wire through the 
hole, and then soldering it to both the ground plane 
and the pad. This grounding technique will provide 
good performance in circuits operating at frequencies 
as high as L-band (1.0 GHz). 




breadboard construction 

A few pointers will help you build a more 
professional-looking breadboard. Figure 1 shows 1:1 
art work for one version of the breadboard, a small 
unit that's quite convenient for single-stage amplifiers, 
oscillators, and other small projects. Figure 2 shows 
artwork for a larger version with the same basic design 
but with different features. Art for both the trace and 
ground plane sides are shown. If you don't have the 
capability for making double-sided PC boards, you can 
omit the ground plane art, leaving a full ground plane 
on the bottom side. You can then use a drill bit (about 
1/4 inch) to cut away the ground from the few 
penetrations where needed — at the power terminals, 
for example. Use the bit by hand and cut just deep 
enough to remove the cladding. Though doing this 
requires some care, it's really quite simple. 

The breadboard should be fabricated from high- 
quality PC board material. Epoxy-glass materials with 
2-ounce copper are about the best. The pads will lift 
off very easily if an inexpensive material such as a phe¬ 
nolic base is used; eventually, after much use, the pads 
will tend to lift off even the best materials, but if you 
start with quality material, the pads shouldn't begin 
to separate until it's about time to retire the breadboard 
anyway. If possible, the board should be tin-lead 
plated to minimize oxidation of the conductors with 
time. After all, old breadboards may lie around in the 
junk box for years before being resurrected for a quick 
weekend project, and they're certainly expected to be 
as useful at that time as they were when they were 
new. 


O 




O 



fig. 2B. Artwork for the ground side of the breadboard. 
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fig. 3. Crystal oscillator example- 


If you have the breadboard fabricated commercially, 
don't have any holes drilled; this will reduce the cost 
and provide a good general-purpose board. 

Before using the breadboard, tend to a few details 
to assure professional results. The three power termi¬ 
nals should be mounted at the indicated pads ( +, G, 
and-). Drill a suitable hole through the center of the 
pads and swage in the terminals. Solder the two power 
terminals at the pad and the ground terminal at both 
the pad and ground. If you can't find terminals, you 
can use a loop of heavy bus wire; about 18 gauge 
works well. Solder the bus wire to the ground pad and 
ground plane. Make about a 1/4-inch (0.64 cm) loop 
in the wire and solder the end back to the ground pad. 
At the two power pads, solder the bus wire to the pad 
and loop it around to the corresponding conductor, 
making about a 1/4-inch loop, and then solder it to 
the trace. This will help prevent the power pads from 
pulling off because of the stress exerted by the exter¬ 
nal power leads. Next, drill holes in the bypass capac¬ 
itor mounting pads and mount the two bypass capa¬ 
citors. (A good choice of value is a 47/iF, 35 V 
tantalum.) Be sure to observe the capacitor polarity 
when mounting. Even if you don't intend to use both 
supplies, at least drill the holes — you may eventually 
need an additional power supply, bias supply, or some¬ 
thing similar, and having the holes there will prevent 
shorts that could be caused by metal chips trapped 
in a completed circuit. The two ground conductors 
aren't committed to be used as ground. They can be 
used for any type of bus, but at least one should be 
used as a ground. The lower is generally the most 
practical one. Drill holes in all the pads in the 
chosen ground bus, place bus wire in each hole, and 
solder to both the ground plane and the pad. Solder 
the ground plane first. (If you were to solder the pad 
side first, the piece of wire would probably fall out, 
since more heat is needed at the ground plane.) 

Now, since several solder connections have been 
made to the ground plane, the board won't sit nicely 
on your work bench and the wire pieces are likely to 
scratch your work surface — not a desirable result if 
your work surface happens to be the dining room 
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OSCILLOSCOPE 


Turn Your Computer Into A 

DIGITAL 

STORAGE 

OSCILLOSCOPE 

And More With The 
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MB230 WORKSHOP 


The MB230 is designed lor use with your home or personal computer. II 
is a complete Electronic Insltument and Eieciro-Mechanica! Workshop 
which contains Interlace Unit. D.C. Motors. Gears. Sensors. 
Construction Components, Disk Based Software and instructions lor 50 
sample projects 

Included are 

• Digital Storage Oscilloscope 

• Digital Voltmeter 

• * Digital Speech & Sound (Record/Playbnck) 

• A/D-D/A Conversion 

• D.C. Motor Control (Var. Speed) 

• Infrared Control 

• Motors, Goars. Generators 
VOLTMETER # Motorized Mechanical Roholies 

• Cars. Cranes. Toys. Etc. 

MOTOR AND GEARS 

The heart ol the MB230 Workshop is the B100 Interlace Unit which 
connects to all typos ol sonaors and is able to control lights, motors, 
relays and other external devtcos. The M8230 manual contains 
suggestions and Instructions lor many advanced projects such as 
antenna positioning and rolay control. 




Available for tho following computers: 

Commodore 64 ($129.95), Apple 2\ 2E ($15995), 
Atari 800 ($139 95). 

Coming soon for ISM. Amiga, Atari 520ST 


To order or lor more information call toll (ree 1-000-824-2549, 
Cashier's check. Money order, VISA, or Mastercard orders accepted. 

Order now to avoid delay! 

ALL ORDERS SHIPPED UPS BLUE 
AT NO EXTRA CHARGE 


MULTIBOTICS, INC. 


2561 South 1560 West 
Woods Cross, Utah 84067 
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fig. 4. RF amplifier example 

table). Adding four small rubber feet to the corners 
of the board eliminates this problem and gives the 
breadboard a pleasing appearance and better stabil¬ 
ity. Either self-adhesive feet or standard screw- 
mounted feet can be used. Small pads are included 
at the corners of the breadboard as markers for drilling 
foot mounting holes. Even standoff spacers can be 
used with rubber feet to provide space under the board 
if needed. For example, you could mount the bypass 
capacitor and power entry terminals under the board 
to provide more working space on the top side. You 
could even stack several breadboards together with 
spacers to form a multicircuit system. 

Several extra pads and a bus are included on the 
artwork. Suffficient space is allowed around the edges 
of the board lo allow for mounting of potentiometers, 
variable capacitors, connectors, and similar items. 

There's nothing magic about the breadboard design, 
but I find this one quite useful for many analog cir¬ 
cuits. Figure 3, for example, shows a crystal oscilla¬ 
tor operating on TV channel 4 in a television interface 
application. Figure 4 shows an amplifier that has a 
bandwidth of 100 Hz to 1.2 GHz and 15 dB gain; this 
amplifier was assembled to demonstrate that the 
breadboard can be used to L-band. From these 
figures, it can be seen that although these are only 
breadboards, they make an attractive finished design. 
Carefully completed and nicely packaged, a relatively 
handsome finished product can result. 

Don't be afraid to experiment with the basic design 
to find the best configuration for you. The variety is 
limitless and the configurations shown here are just 
two possibilities. Remember, for analog breadboards 
the most important features are low stray capacitance 
and inductance and good grounding and bypassing 
of the supplies at the board. Other features such as 
pad arrangement and size, number of nodes, bus 
structure, and space for peripheral elements are very 
much a matter of the specific requirements of the cir¬ 
cuit and your personal preference. The basic design 
presented here should prove to be a good basis for 
other configurations as well. 
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PRACTICALLY SPEAKING 


selecting and using the 
right multimeter 

Sooner or later almost everyone 
with more than a minimal interest in 
electronics begins to look at the vari¬ 
ous multimeters now on the market. 
These instruments are more than an 
aid in troubleshooting — they can be 
your right arm! A multimeter is a com¬ 
bination instrument that offers the 
benefits of several meters in one: a DC 
voltmeter, DC milliammeter, AC volt¬ 
meter, and an ohmmeter (plus other 
functions on certain premium-priced 
instruments). This month we're going 
to talk about the various instruments 
on the market, and what you should 
look for when selecting a particular 
one. Next month we'll examine some 
typical applications and problems. 

types of multimeters 

Over the years several different 
forms of meters have been developed. 
There's also more than one way to 
classify meters. For example, we could 
classify them by their active elements: 
none, vacuum tubes, FETs, and so 
forth. 

We could also classify them accord¬ 
ing to the display mechanism; analog 
or digital? Analog meters use a regu¬ 
lar pointer-type meter movement 
based on either the D'Arsonval or 
Taut-Band designs (there are others, 
but they're found only rarely, if ever, 
in multimeters). Their scales are 
printed on the panel behind the mov¬ 
able pointer. The digital meter, on the 
other hand, uses digital techniques to 
make the measurement and displays 
the result on digital numerical readouts 
(either LED or LCD). 


world's oldest multimeter 

Figure 1 shows a modern example 
of perhaps the oldest form of mul¬ 
timeter: the Volt-Ohm-Milliammeter, 
or "VOM.'' Based on an analog meter 
movement, this meter has switch- 
selectable ranges for DC volts, AC 
volts, DC milliamperes and resistance 
(ohms). Classical VOMs don't contain 
any active devices and don't require 
any power at all except for a single bat¬ 
tery for measuring resistance. 

Sensitivity is a determining factor in 
the purchase of such an instrument. 
The "sensitivity figure," a measure of 
the voltmeter's input impedance, tells 
us how much load the meter places on 
the circuit being tested. In the case of 
fig. 1, the sensitivity is 20,000 
ohms/volt. If we multiply the full-scale 
voltage on any given range by the sen¬ 
sitivity, we find the input impedance. 
For example, when the 50-volt scale is 
selected, the input impedance is (50 V 
x 20,000 ohms/V), or 1,000,000 ohms. 

The disadvantage of the VOM is that 
it sometimes loads circuits too much 
for practical use. In vacuum tube cir¬ 
cuits, the meter works fine most of the 
time; in solid-state circuits, however, 
there are often problems. For example, 
when measuring the base voltage of 
an NPN common-emitter transistor 
amplifier (if operated from a single 
positive power supply), we expect to 
find a base-to-emitter voltage of 0.2 to 
0.3 for germanium and 0.6 to 0.7 for 
silicon transistors. So, using the 1.5 
volt DC scale, we find that the meter 
input impedance is (1.5 V x 20,000 
ohms/V), or 30,000 ohms. Unfor¬ 
tunately, this resistance is on the same 
order of magnitude as bias resistances 
in transistor circuits, so the application 



fig. 1. The oldest form of multimeters — the 
VOM. 

of the meter probes changes the bias 
conditions — and renders the meas¬ 
urement invalid. 

The advantage of the VOM is that 
it is truly a minimum-hassle instrument 
to keep, store, and use. It's also very 
portable. These factors make the VOM 
popular with people who work for long 
periods in remote areas without easy 
access to fresh batteries. 

Finally, people who work around 
high-power RF amplifiers might want 
to keep one of these instruments in 
their tool kits even if they normally use 
a modern digital instrument. The clas¬ 
sical VOM, without any active devices 
to be misbiased by strong RF fields, 
will work in the presence of transmit¬ 
ters, where other, more expensive 
instruments might fail. 
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THE PROVEN MONEYMAKER 
The “Ham Hotline" is a complete 
mailing lisl ol novice amateur radio 
operators and current hams who have 
renewed, upgraded or modified their FCC 
licenses. These ham enthusiasts have 
proven to be excellent prospects for radio 
equipment, accessories and publications. 

The Hotline is UPDATED EVERY 
TWO WEEKS with an average of 8.000 
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because we know the Hotline is the most 
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we ll guarantee 98% deliverability 
Target your sales efforts to your most 
likely buyers Call DCC Data Service to¬ 
day and begin your subscription to the 
“Ham Hotline" . . Ihe proven 

moneymaker. 

DCC Data Service *" 174 
1990 M Street, N.W. SuitefilO 
Washington. D.C. 20036 

Toll-free 1-800-431-2577 
In DC & AK 202 452 1419 


MICROWAVE EQUIPMENT 


For easy lest and adtusiment ot 2.3 GHz 
nnc»owavn amplifiers. 

Gam vs frequency disoiay toi 
RM8LA-2.3 

2.3 GHz amplifier wiWi 2.3 GHz 
center frequency 100 MHz/cm 
horizontal ana $ MV/cm vertical 
sonnitvily. 

An OMSWG-2 1-3 0 Swi.'dO Gc-noralOf ■ 5' 00. 

nMUOD -12 Oelocioi S24 00 RMLS-S Uno Slrricnen 
dc toturn S19 00 20 S. 30 It, BG-50 catjlcs iat- 
lenualOJS) and an osctlloscooo with S MV/cm vertical 
sennitivny were used m inis test 
2 3 GHz Bipolar ArnDUher fRMBLA 2.3) *■ *2 VOC. 
Greather than 14 i.lB gam at 2.3 GHz - $-15 00 2 3 GHz 
GasFel Amplifier fRMGLA • 2 3) ± 5 VDC. Gronther than 
15 dB gam at 2 3 GHz - $70 00 2.3-2.45 GHz Signal 
Generator (RMSG-5) »-30 VDC $55.00 
Prices maude postage/handling it order includes chock 
or M.O. FOB Brooktteid. MO for COO or charge orders 

ROENSCH MICROWAVE 

R.R. t. Bo* 156B. PH: B16 895-5431 
BROOKFIELD, MISSOURI 64628 

175 




FET multimeters 

Figure 2 shows another form of 
multimeter, the field effect transistor 
(FET) mulitimeter (FETVM or 
FETMIVll.This type is representative of 
a larger class of electronic voltmeters, 
and is a member of the class that 
includes vacuum tube voltmeters 
(VTVMs) and transistor voltmeters 
(TVMs). These devices are sometimes 
referred to collectively as electronic 
voltmeters, or EVMs. The names for 
these instruments are derived from the 
input circuit device: vacuum tube, 
transistor, or field effect transistor. 

The purpose of the input amplifier 
device is to increase the input imped¬ 
ance, thereby reducing circuit loading. 
For example, a typical specification for 
the VTVM was an input-Z of 10 
megohms, with an additional 1 
megohm in the probe, for a total of 11 
megohms. There is usually also 50 pF 
of capacitance shunting the input 
resistance. Modern FETVM and other 
EVM types sometimes sport input 
impedances even higher than 11 
megohms — I can recall seeing 100 
megohms advertised. 

Like the VOM, the FETVM is a multi¬ 
range meter that uses a front panel 
switch to select range, although in this 
case the functions (DC volts, AC volts, 
ohms, etc.) are selected by pushbut¬ 
ton switches. Unlike the VOM, the 
FETVM (and all EVMs) require DC 
power supplies for their active devices. 
In most cases, the DC power supply 
is a battery, although some 115 VAC 
line operated models are available. 
Unlike the classical VOM, EVM instru¬ 
ments are somewhat sensitive to RF 
fields, so many of them will not work 
well around high power transmitters 
and other RF generators such as elec¬ 
trosurgery machines, diathermy, or 
inductive heating devices, for example. 

Both the FETVM and VOM have an 
AC volts scale. Even where there's a 
low range scale for the AC mode, the 
AC voltmeter in these instruments is 
not a substitute for the AC voltmeter 
called for in the measurement, align¬ 
ment, and troubleshooting of audio 
circuits and devices. The AC scales in 



fig.2.Highinputimpedanceis - provided by 
the FET multimeter. 

these multimeter instruments are 
generally accurate only at power line 
frequencies. Beyond an upper limit of 
400 Hz or so, the accuracy of these 
instruments falls off rapidly as fre¬ 
quency increases. 

Examples of some representative 
digital multimeters are shown in figs. 
3 and 4. These instruments use an 
internal analog-to-digital converter to 
convert the input voltage to seven- 
segment digital display output. Like 
the EVM and VOM, the digital mul¬ 
timeter (DMM) offers DC volts, AC 
volts, milliamperes, and ohms ranges. 

what's a "half-digit?" 

You’ll see DMMs advertised as 
"2-1/2 digit," "3-1 /2 digit,” or "4-1 /2 
digit." Care to guess what a "half¬ 
digit" is? Because the most significant 
digit (the one all the way to the left) 
can be just 0 or 1, it's billed as a half¬ 
digit. Consider, for example, the 3-1/2 
digit instruments. The basic range of 
these instruments is 0 to 999 units, 
with 100 percent overrange, for a total 
of 0 to 1999 units. The number of digits 
is a rough measure of precision, 
although a load of digits doesn't 
necessarily guarantee a quality meter. 
Generally, most Amateur and hobby 
applications require no more than 
3-1 /2 digits. There are cases in which 
2-1 /2 digits isn't enough, yet the 4-1/2 
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digit instrument may be more expen¬ 
sive than warranted by the application. 
Emotionally, I prefer to have as many 
digits as possible, but when it comes 
to laying out my bucks I prefer to pay 
due regard to the realities of measure¬ 
ment making — and economics. Dol¬ 
lar for dollar, quality for quality, there 
is an optimum instrument for each 
application. 

But don't more digits mean more 
accuracy? And isn't it true that DMMs 
are in fact inherently more accurate 
than VOM and other EVM instru¬ 
ments? No! In both caes, the state¬ 
ment is false. The accuracy of the 
meter depends less on the number of 
digits in the display than on the qual¬ 
ity of the internal workings of the 
instrument. For example, the accuracy 
of the internal A/D converter and its 
voltage reference have considerable 
effect on accuracy. In general, ethical 
manufacturers don't display more 
digits than they can support, but the 
size of the display cannot be taken at 
face value as an indicator of meter 
quality. 

Now, regarding the really big 
heresy: "Whaddya mean my Digital 
Frammitzenfritzer DMM isn’t necesar- 
ily more accurate than your crummy 
old VOM?" Please, before you boil me 
in oil, let me assure you that I am digi¬ 
tally oriented. I sit here writing this arti¬ 
cle on an Apple lie personal computer 
while my IBM-PC sits on the other side 
of the room, chattering out Chapter 8 
of my next TAB book. While it's true 
that DMMs have the potential for 
greater initial and long-term accuracy 
than VOMs, it depends on the imple¬ 
mentation, the quality of internal cir¬ 
cuits and other factors. There's also 
the fact that noisy signals tend to be 
heavily integrated (i.e. low-pass 
filtered) by the damping inertia of the 
analog meter pointer, but these same 
signals will fool many digital meters. 

In regard to accuracy and resolution, 

I recommend buying from a reputable 
manufacturer and reading the spec 
sheet BEFORE you plunk down the 
money. Also, be wary of over-spec'ing 
the instrument. When you're in the 
market for a troubleshooting instru- 
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merit, don't let that gleam in your eye 
as you view the high-priced super- 
accurate laboratory models reach 
down as far as your wallet. Instru¬ 
ments such as those shown in fig. 4 
are very much in evidence in any elec¬ 
tronic parts store you visit. Various 
low-priced models that not only make 
the classical measurements of the 
VOM, but do certain other things as 
well, are available. For example, I 
recently bought a handheld DMM that 
measures capacitance. The capaci¬ 
tance measurement scales run from 
'2000 pF full-scale (with 1 pF resolution) 
to 2000 ycF full-scale. In addition, that 
model is ruggedized enough to with¬ 
stand my clumsy work habits ... no 
small attribute for any practical 
instrument! 

Other features to look for on DMMs 
are the "Diode" or "High Power" 
mode and a continuity tester with an 
aural indicator. The Diode mode is 
used to test PN junction diodes and 
bipolar transistors (NPN and PIMP). 
The normal ohmmeter mode in DMMs 
uses a very low voltage, too low to 
forward-bias PIM junctions. The Diode 
mode (usually indicated by a diode 
symbol on the function switch) is a 
resistance mode, but with a source 
voltage that's high enough to forward- 
bias PN junctions. The DMM can be 
used to measure resistances in-circuit 
while in the low-power mode, and 
then test the semiconductors out of 
circuit in the Diode mode. 

The aural continuity tester is basi¬ 
cally a resistance scale that goes 
"beep" when the meter sees a low 
resistance across the probes. Why is 
this feature important? Try ringing out 
a multi-conductor cable while manag¬ 
ing the probes in your fingers. Or 
worse yet, try ringing out an intercom 
cable while standing on a ladder — or 
a transmission line while you're hang¬ 
ing off a tower. However clever you 
may be, you simply can't watch the 
meter scale and manage the probes — 
or your own safety — at the same 
time. The "beep" of the meter tells 
you when the connection is made, and 
its absence warns you of an open 
circuit. 



fig. 3. Bench-type digital multimeter. 



fig. 4. Handheld digital multimeter. 

which one to buy? 

"OK, Carr, so you’re a Certified 
Bright Guy (CBG) writing for a hot- 
shot national ham radio magazine — 
what kind of multimeter did you buy?" 
Believe me, I wish it were that easy! 
What you should buy depends on 
what kind of work you do, and to 
some extent, on what you can afford. 
Fortunately, the cost of a good qual¬ 
ity troubleshooting-grade DMM instru¬ 
ment is way down from what it was 
a couple of years ago. Almost every¬ 
one can afford to buy one of those 
instruments. 

Let me describe what I own and 
what type of work I use them for. The 
work consists of troubleshooting elec¬ 
tronic equipment occasionally and 
developing small projects for Amateur 
Radio and electronic hobbyist maga¬ 
zine articles. 


Because I have a ham radio set with 
a 2 kW linear amplifier, it's possible 
that the meter will have to work in high 
RF environments. As a result, I own 
a classical VOM that's almost older 
than I am. The old VOM has a 25 kV 
probe as an accessory, although I 
loaned it out and can’t remember who 
borrowed it. I also own a handheld 
Beckman DM-25 that measures capac¬ 
itance in addition to the other "nor¬ 
mal" parameters. This last feature 
turns out to be of immeasurable value 
in developing projects for publication. 

If I were doing any extensive audio 
work, then I'd probably also buy an AC 
voltmeter of audio grade. I suspect 
that most electronic workbench- 
oriented readers will opt for a small col¬ 
lection of meters that nearly matches 
my own .... ham radio 
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DX FORECASTER 

earth stonehocker, kORYW 


sporadic E OX 

In last month's column we dis¬ 
cussed the characteristics (in terms of 
location and propagation) of Sporadic 
E, or E s . This month, let's take a look 
at how Sporadic E (E s ) propagation 
can be used for DX operation. 

Because E s propagation normally 
provides short-skip conditions — i.e., 
1000 miles (1600 km) maximum hop 
length, with typically one or two hops 
at best, the range of communications 
is limited in this mode. The take-off 
angle must be low (5 to 10 degrees) in 
order to obtain the maximum distance 
per hop. Signal attenuation increases 
with more hops because of D-region 
absorption and lossy ground reflec¬ 
tions. On the higher frequency bands 
where horizontal beam (Yagil 
antennas are used, this means towers 
exceeding 60 feet — or even better, 
more than 100 feet. At the lower fre¬ 
quencies (below 10 MHz) vertical 
antennas on unobstructed, treeless 
sites, situated over moist earth and 
equipped with sufficiently large ground 
systems are needed to obtain 5- to 
10-degree take-off angles. These are 
the antenna systems DXers dream 
about and a few build. 

To obtain the highest probability of 
"reflecting" from an E s "cloud," a 
fairly wide beamwidth should be used. 
Because the beamwidth of Yagis (50 
to 60 degrees) is greater than the 
beamwidth of rhombics (20 to 30 
degrees), Yagis are preferred for "hit¬ 
ting the clouds." E s clouds usually 
measure about 6 by 60 miles (10 by 100 
km) in length and about 1 mile (1.6 km) 
in thickness. They are oriented along 
the geomagnetic field line direction — 


i.e., roughly north-south over the 
United States. Their thin, dense con¬ 
figuration results in mirror-like reflec¬ 
tions rather than the hundreds of kilo¬ 
meter thickness refractions that are 
characteristic of the F-region of the 
ionosphere. Signal strengths are, on 
the average, 25 dB higher due to the 
reflective as compared to refractive 
mode. 

Another rule of thumb for E s oper¬ 
ation is to use the lowest frequency 
that still doesn't have excessive 
absorption. (For example, during day¬ 
time, don't use 10 meters if 20 is usa¬ 
ble.) The probability of a good E s 
opening occurring is greater with the 
lower frequency band. 

There are trade-offs involved, how¬ 
ever, in choosing either the lower or 
higher bands. You may, for example, 
want to select a lower band where E s 
openings, though more probable, are 
limited by a higher take-off angle, 
more hops, and more loss. Or you 
might choose to go to a higher band 
for that occasional E s opening, taking 
advantage of smaller take-off angles, 
fewer hops, and diminished losses 
(since the antenna is proportionately 
higher, with respect to wavelength, 
than the lower band version). Of 
course, if you're a 6-meter DXer, 
there's no choice — you'll have to wait 
for the E s opening. 

Early indications of E s openings on 
the higher-frequency bands can be 
obtained by monitoring beacons on 6 
and 10 meters and on CB channel 19. 
You can also monitor locally unused 
TV channels 2 through 5 for 6-meter 
openings. You may want to try 
W3ASK's system described in the 
June, 1985 "DX Forecaster." The 
lower frequency bands don't need 
beacon monitoring because E s open¬ 
ings (sunrise and sunset hours) are 
available most of the time. 

last-minute forecast 

DX conditions are expected to be 
best for the higher frequency bands 
(10 to 30 meters, which are daytime 
bands) from the 12th through the 21st 
of the month, providing long and short 
skip openings. Look for short skip con¬ 


ditions the remainder of the month. 
The lower frequency bands (30 to 40 
meters) should be best the first and the 
last weeks of the month, including 
daytime signals when the solar flux is 
below 70 units. The 80- and 160-meter 
bands will provide only fair DX condi¬ 
tions because of atmospheric noise 
build-up, except for some E s short skip 
openings toward the end of the 
month. 

The Aquarid meteor shower starts 
around the 18th, peaks about the 28th, 
and lasts until approximately August 
7th. The maximum radio-echo rate will 
be approximately 34 per hour. The full 
moon is on June 29th, lunar perigee 
on the 21st, and summer solstice on 
the 21st at 1630 UT. 

band-by-band summary 

Six meters will provide occasional 
openings to South Africa and South 
America around local noontime via the 
E s short-skip propagated mode. 

Ten and fifteen meters will have 
many short-skip openings, and long 
skip during high solar flux to most 
southern areas of the world during 
daylight hours. Some enhanced trans- 
equatorial openings associated with 
disturbed ionospheric-geomagnetic 
conditions may occur in the evening 
hours this month. 

Twenty, thirty, and forty meters will 
be useful for DX operation from most 
areas of the world during the daytime 
and into the evening almost every day, 
either long-skip to 2500 miles (4000 
km) per hop or short-skip E s to 1000 
miles (1600 km) per hop. Since the 
period of daylight is now at its peak, 
high maximum usable fequencies will 
be practical for many hours of distance 
operation. 

Thirty, forty, eighty and one-sixty 
meters will provide opportunity for 
nighttime DX operation. However, 
there will be many nights later this 
month when only 30 and 40 meters will 
be usable because of high thunder¬ 
storm QRN on 80 and 160. Neverthe¬ 
less high signal levels, the result of 
short-skip E s conditions, may help to 
overcome the static toward the end of 
the month. . 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal” hours. 

"Look at next higher band for possible openings. hSITt 1*3(110 
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RATES Noncommercial ads 10<t per word; 
commercial ads 60® per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


OX ANTENNAS FOR 160-10 METERS. Small sue, broadband, 
high performance. Also, antenna parts. Beverage insulators, wire 
and cable. Low prices and fast service. SASE for catalog. W1FB, 
Oak Hills Research. POB 250, Luther, Ml 49656. 


CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy, SASE for information. C & D Electronics, PO Box 
1402, Dept HR, Hope, AR 71801. 

WANTED: Anything made by Kinemetrics True Time, Inc. 
Receivers, WWV clocks, time code readers, manuals, incom¬ 
plete assemblies, etc. C.K.Barber, 3112 Ursula Street, Aurora, 
CO 80011. 


WANTEO: Spaulding {Rohnl AX series tower sections (straight 
sections only). Need any two of sections AXS 8, AXS-7, AXS-6, 
AXS-5, AXS-4 or AXS-3. Bill, W0YDB, Rt. 3, Box 267-H, An- 
nandale, MN 55302 (612) 274-5684. 
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for Ham Radio Magazine 


Ham Radio Austria 
Kano Ueber 
Posifach 2454 
D 7B50 Loerrach 
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Ham Radio Befgium 
Stereohouse 
Brusseisesteenweg 416 
8-9218 Gent 
Belgium 

Ham Radio Holland 
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NL-7800 Ai Emmen 
Holland 

Ham Radio Europe 
Box 2084 

S-194 02 Upplands Vasty 
Sweden 

Ham Radio France 
SM Electronic 
20 bis. Ave des Clarions 
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France 

Ham Radio Germany 
Kann Ueber 
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D-7B50 Loerrach 
West Germany 


Canada 
Send orders fo 
Ham Radio Magazine 
Greenville, NH 03048 USA 
Prices m Canadian funds 
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3yrs $75 40 


Ham Radio Italy 
Via Mamago 15 
1-20134 Milano 
Maly 


Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
D 7850 Loerracn 
West Germany 


Ham Radio England 
c/o RSG B 
Alma House 
Cranbome Road 
Potters Bar 
Herts EN6 3JW 
England 


DISCOUNT CATV CONVERTERS/DECODERS and Video ac 
cessories. solar cdls for remete power and battery charging ap¬ 
plications. Send for free information and prices—it could save 
you BIG MONEY on your next purchase of these and other 
CATV items Easy View. PO Box 221, Arlington Heights, Illinois 
60006. (312) 952 8504. Ask for Rudy Valentine. 

ELECTRONIC DESIGN experienced in RF, Audio, and 
Microprocessors Complete laboratory and facilities. John Bat¬ 
tle & Associates 1000 South Peachtree #101, Norcross, Geor¬ 
gia 30071. (404) 449 8536. 


WANTED: Operations manual Hammarlund 1Q6TR. Andy Nagy, 
1444 Dill Road, South Euclid, Ohio 44121. 

YAESU OWNERS: Hundreds of modifications and improve¬ 
ments for your rig. Select the best from fourteen years of genuine 
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toward Newsletiers purchases. Includes famous Fox Tango 
Greensheet and Filter information for your rig (if specified) 
N4ML, FTC, Box 15944. W. Palm Beach, FL 33416. Telephone 
(305) 683 9587. 

IBM-PC RTTY/CW. CompRtty II is the complete RTTY/CW pro¬ 
gram for the IBM-PC and compatibles. Virtually any speed AS 
Cll, BAUDOT, CW. Text entry via built-in screen editor! 10.000 
character transmit/receive buffers. Adjustable split screen dis 
play. Instant mode/speed change. Hardcopy, diskcopy. break- 
in buffer, select calling, text file transfer, customizable full screen 
logging, 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MARS and traffic handling. Re 
quires 128k PC, XT, AT, PCjr, PC-DOS, serial port, RS-232C 
TU $65. Send call letters (including MARS) with order David 
A. Rice, KC2H0, 7373 Jessica Orive, North Syracuse, NY 13212. 


ATTENTION AMATEURS Send for Free discount catalog. 
Amateur Communications, 2317 Vance Jackson, San Antonio, 
TX 78213. (513) 734 7793. 

BEAM HEADING CHART, 10 page report in binder with 9 data 
fields calculated from your exact QTH to over 540 DX 
locations. $9.95 from John Daley, KB6JGH, PO Box 4794, San 
Jose, CA 95150. 

C64, VIC 20, TI99/4A, TS1000, TS2068 Software: Catalog 
$1.00 refundable. Turn your programs and public domain soft 
ware into PROFIT?. Steve's Software Source, 9922 Harwich, 
Crestwood, MO 63126-2318. 4 FM 6 

8877 VHF AMP KITS: HV power supplies, CX600N relays, Mu- 
Tek LTD front end boards for IC251 /IC271, EME newsletter and 
QRO parts. SASE for new catalog. KB7Q, "Q" Products, 417 
Staudaher Street, Bozeman, MT 59715. 

NEW Low Frequency Receiving Accessories. The L-400 LF ac¬ 
tive gain antenna (5 kHz-500 kHz) with excellent broadcast in¬ 
termodulation rejection. LF receiving systems and more. Write 
for our catalog. LF Engineering Co., 17 Jeffry Road, East Haven, 
CT 06512. 


YAESU HT-208R Charger, belt clip, ducks, 5/8 superstick, mod¬ 
ule for 12V base, manuals. Like new $180.00- N6BBA (209) 
255-0431. 

ANNOUNCING (owa's new Computer BBS. (319) 557-9659. 24 
hours per day. Contact User -8, AI9D for more information. 


IBM/APPLE COMPUTER full feature log program, "Hamlog". 
Send SASE KA1AWH, Box 2015, Peabody, MA 01960. 


TRANSFORMERS wound to 300 watts. Peter Robson Co., 18 
Washington Trail, Hopatcong. NJ 07843. 

ELECTRON TUBES: Radio, TV & Industrial Types-Huge in¬ 
ventory. Send for 80% off tube listing. Coll Toll Free (800) 
221 5802 or write Box HR, Transleteronic, Inc., 1365 39th Street, 
Brooklyn, NY 11218 (718) 633-2800. 

THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays 1900Z also 3.680 Tuesdays 
at 2359Z. Net control N5BDN, Clarksville, IN 


OLD RADIO transcription discs wanted. Any size, speed. 
W7FIZ, Box 724 HR, Redmond, WA 98073-0724. 


RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, Cardiff, 
CA 92007. 


IMRA, International Mission Radio Association helps mission 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2 3 PM 
Eastern Eighl hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 09224. (213) 774-1255. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog 
Walter, 2697 Nickel, San Pablo, CA 94806. 


PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or write for information. A&A Engineering, 7970 Orchid Drive, 
Buena Park, CA 90620. (714) 521 4160. 


PACKET/ASCII/BAUDOT/CW for IBM-PC. SASE to: Emile Al¬ 
ii ne, 773 Rosa, Metairie, LA 70005. 


CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith - Many others. 
Lowest deater prices! Orders shipped within 24 hours! Master¬ 
card, VISA, COD accepted. Free Catalog-call (80) 345-8927 only 
Pacific Cable Co., Inc., 7325 1/2 Reseda Blvd,#1012, Reseda, 
CA 91335. (818) 716 5914. 

CHASSIS and cabinet kits. SASE K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 

2 METER AMP KITS: 8877 legal limit kit $395. 3CX800A7 900W 
kit $325. Also HV power supplies, CX600N relays, parts and EME 
newsletter. SASE for catalog. 2 Meier EME Bulletin, 417 Stauda 
her St., Bozeman, MT 59715. 


COMING EVENTS 

Activities — “Places to go . . .” 

CALIFORNIA: Flea Market/Boneyard Sale. Foothill College, Los 
Altos Hills. March-Sept. 2nd Saturday of every month 7 AM 
Sellers. 7:15 AM buyers Talk in 145.27(-) or 147.570 simplex. 
FCC exams (408) 255-9000. 


WASHINGTON: Central Washington Hamfest sponsored by the 
Apple City Amateur Radio Club, W7TD. June 14 and 15, Rocky 
Reach Dam near Wenatchee. Registration $5 for Amateurs. 
Others $1.00. Under 12 free. Banquet $7.00. Equipment displays. 
Swap Shop, ARRL VE license exams. Free camper/trailer space 
with power provided by Park. Talk in on 146.07/67 or 146.49 
simplex. 


NEW YORK: The Mt. Beacon Amateur Radio Club Hamfest, 
Saturday, 12, Arlington Senior High School, Poughkeep¬ 
sie/ LaGrange. Tickets $3.00 (hams and computer hobbyists). 
Tailgating space $4.00. Tables $6.00 —one free table and admis¬ 
sion. Doors open 8 AM. Talk in on 146.37/97and 146.52. For 
more info: Julius Jones, W2IHY, RR 2, Vanessa Lane, Staats- 
burg, NY 12580 (914) 889 4933. 


INDIANA: The Lake County Amateur Radio Club's 14th annual 
Fathers' Day Hamfest, Sunday, June 15, Lake County Fair¬ 
grounds Industrial Building. Free parking. Tables available. Ad¬ 
mission $3.00. No advance. 8 AM to 2 PM. Setup 6 AM. MARS, 
ARRL, ARES information. Refreshments. Overnight accommo¬ 
dations nearby.Talk in on Lake County ARC repeater 147,84/24 
or 146.52 simplex. For further information: Bill DeGeer, W9TY, 
3601 Tyler Street, Gary, IN 46408 (219) 887-5413 evenings after 
6 PM. 

NEW HAMPSHIRE: Fly-in to New Hampshire's 2nd largest Am¬ 
ateur Radio/electronic flea market, Saturday, June 21, Man¬ 
chester Municipal Airport. Sponsored by the New Hampshire 
FM Association. Rain date Sunday, June 22. Starts 9 AM. 
General admission $1.00. Sellers $5.00, bring own tables. Com¬ 
mercial displays welcome. Refreshments available. Pre¬ 
registration to 123 Woodlawn Circle, Portsmouth, NH 03801. 
Talk in on 146.52 FM. For information: Doug Aiken, K1WPM, 
1603)622-0831 or Pete Henriksen, WA1RCF, 123 Woodlawn Cir¬ 
cle, Portsmouth, NH 03801. (603) 431 5432. 


WISCONSIN: The South Milwaukee Amateur Radio Club's an¬ 
nual Swapfest, Saturday, July 12. American Legion Post 434, 
9327 South Shepard Avenue, Oak Creek. 7 AM to 4 PM. Park¬ 
ing, picnicking, food and refreshments available. Admission 
$3.00 includes “happy time" with free beverages. The Milwau¬ 
kee Volunteer Core Group will conduct Amateur Radio exams 
during the day. For more details, including a map, write: South 
Milwaukee ARC, PO Box 102, South Milwaukee, Wl 53172 0102. 


1986 “BLOSSOMLAND BLAST” Sunday, October 5, 1986. 
Write “BLAST", PO Box 175, St. Joseph, Ml 49085 


CALIFORNIA.'FCC exams, Novice-Extra. Sunnyvale VEC ARC. 
(408) 255-9000 24 hour. 73, Gordon, W6NLG, VEC 

PENNSYLVANIA (Meadville) -- July 5. Firecracker Hamfest by 
Crawford Amateur Radio Society. Electronics, radios, com 
puters. New location at Meadville Recreation Center just off Rt. 
27 E in Meadville. All indoors; no rain out. One Olympic and two 
child-size deluxe swim pools with lockers and showers and oth 
er sports available in Center. Free indoor fleamarket space; bring 
table. Dealers: free indoor space and table(s) available by 
preregistration; reserve early. Admission adult $2.00, children 
free, swimming for small extra. Talk in 144.53/145.13, W3MIE/R 
For information write CARS Hamfest-86, PO Box 653, Mead¬ 
ville, PA 16335 or call Ben Ferer, KF3F, 814/724-2432. 

KENTUCKY: The Antique Radio Club of America (ARCA) will 
hold a convention, June 11 through 14 in Louisville. Club mem¬ 
bers collect and restore antique wireless and radio equipment 
from before World War I through the 40's and 50's. At this year's 
convention there will be speakers, tours of radio collections and 
also tours of the Louisville area. Massive flea market and auc 
tion. Louisville offers much in the way of recreation for the en¬ 
tire family. For information: ARCA, 81 Steeplechase Road, 
Devon, PA 19333 or call (215) 688-2976. 
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STUDY GUIDES 

AMECO STUDY GUIDES 

Designed for VEC Exams 

AMECO study Guides are taken tram the FCC Ama¬ 
teur Exam syllabus. PR-1035 and have answers 
keyed to ARRL's recently released study material. 
These study guides are compatible with ARRL and 
all other VEC Exams While nothing can guarantee 
that you will pass. AMECO Study Guides will make 
sure that you are fully prepared and ready to go 
when you sit down for the exam. Written in clear, 
concise, easy-to read format, each question fully 
explained. Novice and General books cross refer¬ 
enced to AMECO's 102-01 for a more thorough 
explanation. 

□27-01 Novice Class Softbound $3.50 

□12-01 General Class Softbound $4.95 

□26-01 Advanced Class Softbound $4.95 

l 117-01 Extra Class Softbound $4.95 

□AM-1 Get All Four $14.95 

ARRL Q&A LICENSE MANUALS 


ARRL Q&A License Manuals are keyed to the latest 
FCC Exam syllabi now in use by the Volunteer 
Examiners. These books are wrrtten in an easy-to- 
read conversational style that enhances understand¬ 
ing without scaring the student away. All technical 
subject areas are explained in clear terminology and 
with plenty of illustrations, diagrams and schematics. 
Rules are also fully covered. Each book has the offi¬ 
cial ARRL multiple choice question Pool with 
answers and a key to the FCC Exam syllabus for 
reference to other study publications. These are Itia 
study guides to have. All books. © 1985 1st Edi¬ 
tions. 


□AR-TG General 
AR-AG Advanced 
LJAR-EG Extra 
l IAR-SG Get All Three 


Softbound $5.00 
Softbound $5.00 
Softbound $5.00 
$12.95 


NEW TITLES 

FIRST STEPS IN RADIO 

by Doug DeMaw, W1FB 

This new anthology has been taken from DeMaw's 
'84 and 85 series in QST magazine. It has been writ¬ 
ten to give beginners the basic electronic theory 
needed for upgrading and the ins and outs of how 
radios work. Using a building block approach, 

DeMaw first explains what the different componants 
are, then assembles them into basic circuits and 
ends up with how these circuits work in your radio 
You also get articles on antennas, propagation and 
beginners level RFI problems and suggestions on 
how to resolve them. Great review for more 
experienced Hams. Perfect for the beginner. © 

1985. 

I lAR-FS Softbound $4.95 


LANDMOBILE AND MARINE RADIO 
TECHNICAL HANDBOOK 
by Edward Noll, W3FQJ 

This is THE HANDBOOK for those who operate, 
install or service two-way radios. Covers private 
landmobile services, martne radiotelephone and radi¬ 
otelegraph, marine navigation and Citizen's Band. An 
excellent reference book for those studying to pass 
the NABER technician certification exam. Areas 
covered include: transmission characteristics and 
modulation systems, basic solidstate theory, digital 
and microprocessor electronics, antenna systems, 
test equipment, repeaters and much more. © 1985 
1st edition 576 pages 

I 122427 $24.95 

THE COMMODORE 

HAM'S COMPANION by Jim Grubbs, K9EI 

Here's your guide to using the Commodore C-64 
computer in your Ham shack. Good solid information 
on where to find software and hardware for CW. 
RTTY, AMTOR, SSTV, propagation prognostication, 
antenna modeling, satellite tracking and much more. 
Includes a list of over 80 sources of software and 
hardware. Also includes a bibliography of over 60 
magazine articles and reviews about using the Com¬ 
modore. ©1985, 160 pages, 1st edition 
l IJG-CC Softbound $15.95 

Please add $3,50 to cover 
postage and handling. 

Ham Radio’s Bookstore 

Greenville, NH 03048 


ILLINOIS: The Egyptian Radio Club will hold its 57th annual 
Hamfest, Sunday, June 8, 8 AM to 3 PM, at their clubhouse. 
Free 10' flea market spaces available on first come basis. Addi¬ 
tional spaces $5,00. Tickets $1.00 advance, $2.00 each or 3/$5.00 
at the door. Talk in on 146.16/76 or 146.52 simplex. For infor¬ 
mation or tickets SASE to Egyptian Radio Club, PO Box 562, 
Granite City, IL 62040. 


BRITISH COLUMBIA: Maple Ridge Hamfest. July 12 and 13, 
St. Patricks Center, 22589 121 Avenue, Maple Ridge. Admis¬ 
sion Hams $6.00; non-hams over 12 $3.00. Under 12 free. Two 
hams in family $9.00. Commercial displays, flea market, food, 
children's programs. Nearby shopping and recreation areas. 
Camper space, no hookups. Talk in on 146.20/80 and 146.34/94. 
For more information: Bob Haughton, VE7BZH, Box 292 Ma¬ 
ple Ridge. BC V2X 7G2 or phone (604) 467-4915. 

NEW YORK: Ham Family Day, June 1, Becks Grove, Blosvale. 
Sponsored by the Rome Radio Club. QRP contest, flea market, 
tech talks. Non ham activities. Talk in on 146.28/88 and 
146/34/94. For information: Rome Radio Club, Box 721, Rome, 
NY 13440 or call William Effland (315) 853-5700. 

MINNESOTA: The North Area Repeater Association's Swap 
test and exposition, Saturday and Sunday. June 7 and 8, Min¬ 
nesota State Fairgrounds in St. Paul. Free overnight parking for 
SC campers June 6 and 7. Exhibits, commerciaf dealers, giant 
outdoor flea market. Amateur license exams will be given. Ad¬ 
mission $4 advance, $5 at gate. For more information, tickets, 
etc: Amateur Fair, PO Box 857, Hopkins, MN 55343 or call (612) 
566-4000. 

NEW JERSEY: The Raritan Valley Radio Club's 15th annual 
Hamfest. Saturday, June 21, Columbia Park, Denellen. Gates 
open 8 AM. Sellers spots $5.00/space or $10.00 multiple spaces. 
No tables supplied. Lookers $3.00 donation. Spouse and kids 
free. Food and drink available. Talk in on Club repeater W2QW/R 
146.025/ 625 and 146.52 simplex. For information call Dave, 
KA2TSM (201) 763-4849 or Bill, N2AZX (201) 467-7342, 8 AM 
to 5 PM. 

PENNSYLVANIA: Harrisburg annual Firecracker Hamfest, Fri¬ 
day, July 4, Brassier Fire Company picnic grounds. Sponsored 
by the Harrisburg RAC. Tailgating no charge with admission of 
$3.00. XYL and kids free. Nearby restaurants and motels. Park¬ 
ing on grounds. Talk in on 52-52 simplex or local repeaters. For 
details/table info: Dave, KC3MG, 131 Livingston St, Swatara, 
PA 17113 or call (717) 939-4957. 

WEST VIRGINIA: The 8th annual TSRAC Wheeling Ham- 
fest/Computer Fair. Sunday, July 20, Wheeling Park. 9 AM to 

4 PM. WV's largest. Dealers welcome. 30,000 sq. ft under roof. 

5 acres of flea market. Family activities at Park. Admission $3.00 
in advance, $4.00 at door. To reserve space contact: Jay Paulo- 
vicks, KD8GL, RD 3 Box 238. Wheeling, WV 26003 (304) 
232-6796. Fort.ckets, TSRAC, Box 240, RO 1, Adena. OH 43901 
(614) 546-3930. 


HAM DATA 

C-64 Software 

SUPER LOG 

Super log gives you all the advantages of a com¬ 
puterized data base without significantly changing the 
traditional log format. For contesters, Super Log can 
be configured to either manually or automatically 
enter contact number as well as time ot contact. 
Make an error and you can easily go bach and edit 
the entry. Super Log also allows you to print out 
either selected contents or the whole log. Will print 
QSLs 

HD-SL (For C-64) $19.95 

CONTEST LOG 

This disk contains four different contest programs: 
ARRL Sweepstakes, Field Day, Universal WW Contest 
log. plus a dupe checking routine. Each program is 
designed for real time use. It automatically enters 
date, time, band and serial number for each contact. 
A 24-hour clock is displayed at the top of the VDT 
screen. When the contest is over, the program will 
print your results listing all duped and scored con¬ 
tacts in serial sequence with all the necessary infor¬ 
mation as well as completed score at the bottom of 
the page. 

I HD-CL (For C-64) $74.95 

MASTER LOG 

Over three years of development went into this pro¬ 
gram It creates a file of 2100 individual records 
with up to 13 different entries per record Master 
Log can do a search and select based upon time, 
frequency, mode or any of the other variable 
parameters It keeps track of DXCC and WAS status, 
prints QSL labels and can search its whole file in 
less than 5 seconds! Complete documentation is 
included to help you learn and use this truely state- 
of the-art logging program 

I IHD-ML (For C-64) $28.95 

Please enclose $3.50 for shipping 

HAM RADIO’S BOOKSTORE 

Greenville, NH 03048 


MARYLAND: The Frederick Amateur Radio Club's 9th annual 
Hamfest, June 15, Frederick Fairgrounds. 8 AM to 4 PM. Ad¬ 
mission $3.00. Tailgaters $2.00 extra. YL's and kids free. Gates 
open for exhibitors 8 PM June 14. Exhibitors tables $10.00 first, 
$5,00 each extra. For information: Jim Kasunic, KA3LPC, 9419 
Highlander Ct, Walkersville, MD 21793. 


INDIANA: The 16th annual Indiana ARRL Convention and In¬ 
dianapolis Hamfest, Saturday and Sunday, July 12 and 13. Mari¬ 
on County Fairgrounds, Indianapolis. Featuring the largest 
electronic flea market and new Amateur Radio equipment dis¬ 
play in the state. Gate fees $5.00 with free parking on grounds. 
Gates open 6 AM. Large covered flea market. Inside tables $8 
each. 2m Fox Hunt, homebrew contest. QSL card contest. Free 
camper hookups available on grounds. Nearby restaurants and 
motels. For information contact Bill Evans, WB9BEN (317) 
745-6389 


MASSACHUSETTS: The MIT UHF Repeater Association and 
the MIJ Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday. June 18, 7 PM, MIT Room 1 134, 
77 Mass Avenue, Cambridge M A. Reservations requested 2 days 
in advance. Contact Ron Hoffmann (617) 253-0160/646-1641 or 
Craige Rodgers (617) 494-1986. Exam fee $4.25. Bring copy of 
current license (if any), two forms of picture ID and completed 
form 610 available from FCC in Boston (223- 6609) 


PENNSYLVANIA: The 12th annual Warminster Amateur Ra 
dio Club's Hamfest, Sunday, June 8, Middletown Grange Fair- 
grunds, Penns Park Road, Wrightstown. Gates open 7 AM 
(vendors 6 AM). Donation $3.00. XYL's and kids free. Outdoor 
tailgating $5.00 per space. Indoor space $5.00 with 8‘ table and 
power available. Talk in on 147.69/09 and 146.52. For informa¬ 
tion and preregistration: Chuck Dunn, KA3FQQ, 1414 Bradley 
Lane, Warminster, PA 18974. 


OPERATING EVENTS 

“Things to do . . 

The LINCOLN TRAIL ARC will operate W4BEJ from Abraham 
Lincoln Birthplace National Historic Site near Hodgenville 
Kentucky during Field Day June 28 and 29. For a commerative 
certificate send QSL and SASE to LTARC, PO Box 342, Vine 
Grove, KY 40175. 

ACB RADIO AMATEURS a special-interest affiliate of the 
American Council of the Blind (ACB) will operate special event 
station KW4U from 0000Z June 29 to 2400Z July 5 from the Hil¬ 
ton Hotel in Knoxville, TN in conjunction with ACB's silver an¬ 
niversary convention. Submit QSL card confirming QSO with 
KW4U during convention week and receive an attractive com 
memorative certificate. Send QSL’sto John McCann, KW4U, 
2105 N. Illinois Street, Arlington, VA 22205. 


BUZZARD ROOST REPEATER will operate special event sta¬ 
tion WB0UPK.1500Z July 4to0100Z July 5, from the Neligh Mills, 
a state historical site. QSL's may be obtained by sending SASE 
to WB0UPK. 804 East 1st Street, Neligh. NE 68756. 


EASTERN CONNECTICUT ARA will operate special event sta¬ 
tion, K1MUJ, to help celebrate the Woodstock Connecticut Ter 
centenary on July 4. For a commemorative certificate send SASE 
and QSL card to KB1SP. 


ARGONNE ARC will operate W9QVE, June 21 from 11 AM to 
4 PM CST to commemorate the 40th anniversary of the estab¬ 
lishment of the US National Laboratory System of which, Ar- 
gonne is the first. Send QSL and SASE to AARC, PO Box 275, 
Argonne, IL 60439. 


SOUTH JERSEY RADIO ASSOCIATION, the oldest radio club 
in the US, will operate a special event station, K2AA, from 1200Z 
June 7 to 0400Z June 16 to celebrate its 70th birthday. For a 
commemorative QSL send SASE and QSL or log info to South 
Jersey RA, PO Box 1026, Haddonfiefd, NJ 08033. 


CHARGE 

YOUR CLASSIFIED ADS 



to your 
MC or VISA 
write or call 


HAM RADIO MAGAZINE 

Greenville, NH 03048 
(603) 878-1441 
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REVIEW 

500 MHz Pocket Counter 

Here's a neat little product every ham will 
want to have: a 500 MHz counter from Digitrex 
that fits into a shirt pocket, measures just 1 x 
3.5 x 2.7 inches, and weighs less than 8 ounces 
with the 9-volt battery installed. The LED readout 
display measures 0.14 inch; the unit draws less 
than 100 mA. Battery life is estimated to be 
several weeks in normal use. The unit uses six 
ICs, five transistors, three diodes, and a 2.56 
MHz internal crystal oscillator. 



The counter has a sensitivity of less than 50 
millivolts, 1 500 MHz, 1.5 volts RMS maximum 
and the resolution is four digits (switchable to 
six) down to 1 kHz. A seven-digit modification 
that gives resolution down to 100 Hz is availa¬ 
ble. The counter has a short-term accuracy of 
1 ppm when calibrated against a known signal 
using an internal trimmer capacitor. Over the 
long term, its accuracy is 1 kHz at 500 MHz over 
a temperature range of 10-40 degrees C. 

To use the unit, you first install a 9-volt tran¬ 
sistor battery, extend the internal 19-inch 
antenna, select the MHz range, and depress the 
counter's on/off button, which also functions 
as a press-to-read control. All you do is read the 
frequency - it's really as simple as thatl 
Not having a lab-grade frequency generator 
with which to compare readings limits the scope 
of this review to using the VFOs (and internal 
frequency calibrators) of several different trans¬ 
mitters as frequency standards. All readings were 
found to be within manufacturer's specifications. 

This is really a "neat" product and at the price, 
it's one good value for your dollar. While you 
can't expect lab-grade measurements, you'll be 
pleased with the unit’s accuracy. 

The price is $49.95 plus $2 shipping and han 
dling. For more information, contact: Digitrex, 
1005 Bloomer, Rochester. Michigan 48063. 

- N1ACH 



products 


triple output power supply 

MFJ Enterprises. Inc. has announced the 
release of its Triple Output Lab Power Supply. 
For $149.95 (nlus $6.00 shipping and handling), 
the MFJ 4002 offers two variable 1.5 to 20 VDC 
outputs at 0.5 amp anti one fixed 5 VDC output 
at 1 amp. It's de-.igned for heavy duty commer¬ 
cial use to give years of trouble-free service. 

There's plenty of voltage and current for both 
analog and digital circuits. It’s ideal for educa 
lion, circuit design, product development, test¬ 
ing and repair, quality control and production. 

Separate transformers are' used for completely 
isolated outputs. This allows the outputs to be 
connected in series or parallel for higher voltage 
or current. It's short circuit protected, has excel¬ 
lent line regulation (typically 0.1 percent V) and 
load regulation (typically 0.1 percent) and has 
very low ripple. 

Two lighted 3-inch precision meters are 
provided for monitoring voltage and current 
simultaneously. Rugged 5-way binding posts are 
used for all outputs. A separate binding post is 
used for chassis ground. 

The MFJ-4002 is made in America and built 
with heavy guage aluminum to take lots of 
abuse. It measures 12x36x6 inches, uses 110 
VAC with a 3-wire safety power cord and fast 
acting pop-out fuse. For details, contact MFJ 
Enterprises, Inc., 921 Louisville Road, Starkville. 
Mississippi 39759. 

Circle 1301 on Reader Service Card. 


new heathkit catalog 

A wide variety of electronic products in kit 
form and assembled versions are showcased in 
the new Heathkit Catalog from Heath Company 
of Benton Harbor, Michigan. A new 2-meter 
handheld/mobile system featuring greater ease 
of operation and greater flexibility is offered, as 
is a low-cost, user installed satellite sytem featur¬ 
ing the General Satellite Dish and the Norsat Sat 
ellile Receiver. 

The HW-6502 2-Meter Hand-held Transceiver 
comes complete with a built-in C f CSS encoder, 
S/BATT meter, squelch control and thumb¬ 
wheel channel selector switches with i 5 kHz 
switch. The operating frequency range is 144 
MHz to 147.995 MHz and sensitivity is 0.25|iV. 
The mobile console unit, HWA-6502-2, houses 
the transceiver and is able to provide 25-watt 
mobile operation with the optional 25- watt 
2-meter amplifier. The console, which includes 
power, UHF and VHF sv.-itches and lit frequency 
display, measures 2-1/4 x 6-1/2 x 8-1/2 inches 
(excluding projection) 


The Heathkit Satellite System combines the 
Norsat receiver and the General Satellite Dish 
for the user to install and receive satellite relayed 
programming. The Heathkit Site Survey kit is 
used to determine acceptable sites for position 
ing the system's dish antenna. 

Over 400 electronic products are offered in the 
new Heathkit Catalog. To receive a free copy, 
contact Heath Company, Benton Harbor, Michi 
gan 49022. 

Circle /3G2 on Reader Service Card. 


cable connectors 

Nemal Electronics International has introduced 
a new line of connectors designed to fit the Bel 
den 9913- and 8214-type cables. The new con¬ 
nectors are available from stock in both type N 
(part 4NE720) and BNC (part 0NE86O) series and 
will accommodate the 9 1 /2 to 11 gauge center 
conductors in these and other similar cables. 



Both series of connectors meet the electrical 
and mechanical requirements of MIL C-39012 
and incorporate silver plated contacts and teflon 
insulation. Each connector is fully compatible 
with all other standard connectors in its series. 

For information, contact Nemal Electronics 
International. 12240 NE 14th Avenue, North 
Miami, Florida 33161 
Circle /303 on Reader Service Card. 


new VOM 

Mercer Electronics, a division of Simpson Elec 
trie Company, has introduced a new VOM; 
Model 9120 has 25 ranges including dB, 20,000 
ohms/volt DC sensitivity (5,000 ohms/vol! AC) 
and a frequency response up to 100 kHz on 3, 
12, and 60-volt AC ranges. It will measure up 
to 12 Amperes DC, has a 3-volt AC range, and 
provides excellent resolution. DC accuracy is i 3 
percent fs. Convenience features include a front 
panel polarity reversal switch, single-knob 
range/function switch with an "off” position, 
an output jack for DC isolation, and a large, easy 
to read, 3.5 inch mirrored, color coded scale. 

Also included is a high-energy fusing system 
along with standard fusing and diode meter pro 
tection. The unit measures 4x6x1 3/4 inches 
and weighs 13 ounces. It comes complete with 
batteries, test leads and an operator's manual. 

For details, contact Mercer Electronics, 859 
Dundee Avenue. Elgin, llinois 60120. 

Circle S304 on Reader Service Card. 
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new communications 
satellites will use laser 
links 

A new concept in communications 
satellites is in the development stages 
in European laboratories. The large 
data capacity of optical communica¬ 
tions links will be exploited by incor¬ 
porating a carbon dioxide laser into a 
geosynchronous satellite. The C0 2 
laser operates in the far infrared region, 
at a wavelength of about 11 microns 
(27,000,000 MHz). 

In spite of substantial technical hur¬ 
dles, its benefits are thought to justify 
the effort. Advantages include simul¬ 
taneous bi-directional data capacity of 
more than 1 gigabit/sec., with an 
accuracy of about 10 bits (an error rate 
of 1 part in 10 s ) at an altitude of about 
37,000 km. The transmissions would 
have high resistance to interference 
and jamming because the frequencies 
are removed from present high-density 
traffic, and the laser beam is very nar¬ 
row — less than 1 km wide at geosyn¬ 
chronous altitude. 

The choice of the C0 2 laser is based 
on the fact that highly sensitive detec¬ 
tors already exist, the technology for 
the needed power levels is well 
advanced, and relatively conventional 
optics can be used. The system would 
consume about 250 watts in order to 
produce a little more than 1 watt of 
modulated power. Transmitter band¬ 
width will be about 5 GHz, permitting 
higher data rates as technology and 
traffic demand mature. Two technical 
areas will need considerable attention 
in order to achieve successful opera¬ 
tion. The optical receivers need to be 
cooled to -173 degrees C (100 
degrees K) for optimum sensistivity, 
and the pointing and tracking system 
must be able to keep the very narrow 


beam centered on the respective 
receivers. Present technology is mar¬ 
ginal in each of these areas. 

Components for the planned satel¬ 
lite will begin to be assembled as a 
laboratory breadboard as early as 1987. 
The first flight tests are planned for 
1990-91, and an operational satellite is 
contemplated for 1994-95. 

emergency transmitter 
gives directions when lost 

The Federal Aviation Administration 
requires that all aircraft carry an emer¬ 
gency locator transmitter (ELT) that 
can help pinpoint the aircraft's location 
in the event of a crash. The device is 
a small battery-powered unit that 
transmits on 121.5 and 243.0 MHz. A 
newly-developed unit takes full advan¬ 
tage of today's IC's to greatly enhance 
the data sent by the beacon. 

As the aircraft flies, a circuit in the 
locator continuously enters the current 
position of the plane from the aircraft's 
LORAN-C navigation system. In the 
event of a crash, the locator broad¬ 
casts a synthesized speech message 
beginning with the word "mayday' 1 
and stating the aircraft's registration 
number, its longitude/latitude, the 
elapsed time since impact (very impor¬ 
tant in harsh environments), and other 
key information — all in plain English. 
This improvement will simplify search 
and rescue operations and expand the 
number and type of observers who can 
participate in radiolocation searches — 
Amateurs, SWLs, scanner buffs, and 
so on. 

chip inductors join new 
component ranks 

Since the beginning of the era of 
solid-state circuits, component manu¬ 
facturers have been quick to keep pace 
with designers' needs. Components of 
all types have shrunk in size and taken 


on the shapes appropriate to the appli¬ 
cation. Inductors have resisted most 
attempts at going "monolithic" and 
have caused a lot of otherwise elegant 
designs to be much larger and less 
reliable than the designer might have 
wished. 

We still haven't found any magic 
way to solve the problem, but there 
has been significant progress in mag¬ 
netic materials combined with creative 
new packaging techniques. Given 
incentive by the move to surface- 
mounted components, leadless "chip” 
inductors are making their debut. 
Using ceramic or ferrite cores, these 
ultra-miniature inductors can be made 
with very small gauge wire because of 
the low power levels associated with 
modern 1C circuits. Eliminating leads 
also reduces stray capacitance and 
parasitic inductance, thereby making 
the component a little closer to ideal. 

Chip inductors have evolved in a few 
"standard" packages, which makes 
the layout job easier for the circuit 
designer. Inductance values cover the 
full range from about 3 nH to 1 mH, 
and include both fixed and variable 
type. Because these inductors mount 
directly on the circuit substrate, great 
care must be taken in the choice of 
temperature coefficients. If the induc¬ 
tor is not matched to the substrate, 
expansion and contraction can cause 
severe lead stress, and in the worst 
cases can actually lift the inductor from 
the substrate. Shielding poses serious 
problems on all but small inductance 
values. At present, shielding simply 
takes up real estate — which of course 
defeats the purpose of using the chip 
inductors. Notwithstanding the diffi¬ 
culties, before long you can expect to 
be staring at a totally unfamiliar¬ 
looking component on a circuit board 
— a "chip” inductor. 

ham radio 
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REFLECTIONS 


the phone call 

It took a late-night, long-distance phone call to remind me of what I used to easily perceive 
as the excitement of ham radio. The call came from a good friend who'd gotten into Amateur Radio 
at about the same time as I did, approximately 28 years ago. Catching up on recent history, I couldn't 
help noticing not only his present and continuing enthusiasm for the hobby, but also his accomplish¬ 
ments over the years. His interests included, but weren't limited to, antenna and propagation ex¬ 
perimentation, modification of commercial equipment, the design and construction of new equipment, 
operation on the newer specialized communications modes, as well as teaching and helping other 
Amateurs. But what impressed me the most was his intensity — his desire to do the very best he 
could while enjoying what he was doing. 

Not long ago I found myself feeling discouraged about the future of Amateur Radio. It's not difficult 
to get into this mood. Just listen to discussions on the air, at hamfests and at other meetings. . . 
or open up to the editorial page of any ham magazine. There you'll no doubt hear, or read, that the 
average age of Radio Amateurs in this country is rising steadily. If you really want to get discouraged, 
tune any of the HF bands (and the most popular VHF band). What do you hear? 

• "CQ DX, CQ DX." (Translated, this means "I want to contact you, the rare station, as fast as 
I can and get your QSl card and then goodbye!'') 

• Or "Hey, Goof ball, this is my frequency and I'm not moving!" (Translation: "I've been on this fre¬ 
quency for the past three hours and I own it.") 

• Or “Hey, Joe, are you sure I'm only 37.5 dB stronger than that other W1? By my figuring / should 
be at least 40 dB up from him!" (Somewhere along the line many of us forgot that the FCC didn't 
intend for us to turn Amateur Radio into a horsepower race.) 

• Or, as heard on 2 meters not too long ago, "Tom, / just got this new Loudenboomer amplifier. 
It's wired for 110 volts. How do ya wire it for 220?" (I guess that question wasn't on his Advanced 
class exam). 

Is this what Amateur Radio is all about? 

There are those who say we need some stimulation and that the solution is obvious: get more youth 
involved. Presto! Amateur Radio — if not the world itself — is saved. Quite frankly, I don't believe 
in simplistic cures and single-answer solutions. But it is true that in order for any organization to self- 
perpetuate, a constant influx of "newness" is required, be it youth itself or just youthful energy and 
spirit. 

Even if we manage to attract young people to our hobby, it will still take Amateurs (like my friend) 
willing to share their enthusiasm and knowledge with them. By helping young people pursue their 
own interests, these Amateurs will encourage young people not only to enter Amateur Radio, but 
stay there. It won't be just young people who "save" Amateur Radio, but those hams like my friend 
who make that special effort. 

Rich Rosen, K2RR 
Editor-in-Chief 
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SEVERE SANCTIONS ABAINST CASUAL SWL'INB STILL REMAIN In the latest version of the 
"Electronic Conununications Privacy Act of 1986" adapted unanimously by Rap. Kastenmeier 's 
subcommittee May 14. Though the Act specifically exempts any station transmitting in an Amateur 
band, it is still based on the negative philosophy that a U.S. citizen has no right to tune to 
any radio transmission except as permitted by the government (see the editorial in February's 
Ham Radio )■ Furthermore, this latest version now defines "interception" of radio or other 
electronic communications as the interception of the transmission itself rather than its 
content! The Act provides for fines up to *10,000 and a year in jail for tuning in remote 
broadcast pickups, possibly any ship-to-shore communications, any kind of encoded 
transmissions, RCCs (older type car phones), and any FM subcarriars. 

The Cellular Telephone Industry Didn't Bet Exactly what it wanted| the penalty for 
receiving cellular would be only *500 and/or six months in jail. However, when Rep. Mike DeWine 
(R-Ohio) offered an amendment to limit the Act to encrypted communications or the disclosure of 
the contents of protected but unencrypted communications. Rep. Kastenmeier responded saying he 
wanted his bill to discourage casual listening — even though the Justice Department has said 
it couldn't and wouldn't enforce the Act against casual listeners. That amendment, and another 
by DeWine to eliminate the six-month penalty for eavesdropping on cellular communications, were 
both voted down. 

The Act (HR-3378) Now Bo** To The House Judiciary Committee where it is expected to meet 
with little apposition. At the same time hearings on the Senate's version of the bill, S-1667, 
are expected to be scheduled in the very near future. 

A 30-DAY WAIT BEFORE RETAKINB AN AMATEUR EXAM IS INDEED UNNECESSARY, the FCC affirmed in 
deciding against ARRL's Petition for Reconsideration in PR Docket 85-31. The League had argued 
for retaining the delay because its program is set up so that ARRL VEs can use the same exam 
for some period of time, but the FCC said in its decision, "We will not retain it Cthe wait] 
merely to accommodate the administrative choices made by one or more VECs. It is far more 
important to eliminate unnecessary and outdated government regulations." 

PRB-1 HAS APPARENTLY RESOLVED KA7TVCS ANTENNA PROBLEM with Kirkland, Washington 
authorities (see June Presstoo ). His 2-meter vertical had been cited under a city ordinance 
restricting transmitting antennas, but Kirkland is considering its law firm's advice to revise 
its ordinance to agree with PRB-1 and has dropped its action against KA7TVC. 

An Ordinance Limiting Antennas To Six Feet Above Roof Line in the District of Columbia was 
up for first hearing at presstimei ARRL has prepared a strong presentation against the 
proposal. Bills limiting all towers in New York State to 5B feet or tree-top height, whichever 
is lower, have been introduced in that state’s legislature. 

SU88ESTI0NS AND COMMENTS FOR THE VEC PROQRAM ARE BEINB SOUBHT by the Council for Amateur 
Radio Examining (CARE) in preparation for a meeting with the FCC tentatively set for August. 

The Washington meeting, for all accredited VECs, will review how well the program is working 
and how it might be improved. Write CARE, Box 688, Gianview, Illinois 60025. 

A NEW BAND PLAN FOR 10-METER FM WAS SUPPORTED by nearly 100 Amateurs attending the 10-Meter 
FM Forum at the Dayton Hamvention. In brief it would change the repeater offset to 400 kHz 
instead of 100 kHz and use 29.50-29.68 MHz for the repeater outputs. Repeater inputs would then 
be 29.10-29.2B, on 20 kHz centers. 29.3-29.4 MHz would be used for FM simplex, with 29.4-29.5 a 
"No-FM" slot for OSCAR downlinks so long as any Amateur 10-meter satellites remain operational. 
A formal Petition for Rule Making is being planned! Bob Hei1, K9EID, would appreciate comments! 
write Bob at Box 78, Marissa, Illinois 62257. 

Revision of 10-Meter Beacon Operation into a system similar to the 20-meter beacon system 
operating on 14.100 MHz has been proposed by the IARU. In Resolution B5-1 the Union would set 
aside 28.190-28.200 MHz for beacons, with a worldwide beacon network on 28.200 and regional 
networks from 28.190 to 2B.199. Almost all 10-meter beacons now on the air operate between 
28.200 and 28.300, but if the proposed expansion of 10-meter Novice privileges is adopted, the 
usefulness of these beacons — most running low power — would be seriously compromised. G3DME 
coordinates the International Beacon Project for IARU. 

LABELS SPECIFYING RFI SUSCEPTIBILITY ON HOME ENTERTAINMENT EBUIPMENT are being sought by 
the ARRL in a Petition for Rule Making filed with the FCC. If adopted, the proposal would 
require every such device to carry an FCC-mandated label or tag that would specify just how 
susceptible that device is to interference from nearby transmitters. 

In Canada VE3SR Has Decided To Fioht The Judge's Decision that put him off the air as a 
"nuisance" to his neighbors' home entertainment equipment (see June Presstop ). Though it now 
looks as if he may receive some support from commercial two-way users who are concerned about 
the possible impact of the decision on their operations, he'll still need help from the Amateur 
community to meet the estimated *15,000 cost of the appeal. 
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amplifier parasitics 

Dear HR. 

Richard Measures's article in the 
April, 1986, issue, "Grounded-Grid 
Amplifier Parasitics," was most in¬ 
teresting. It provided insight into sev¬ 
eral amplifier circuit designs that are 
indeed troublesome. 

I, too, experienced parasitic oscilla¬ 
tions in my first SB-220. While the 
plate tuning capacitor did arc over, no 
damage was done. A local Amateur 
who was well versed in VHF equip¬ 
ment construction pointed to the sil¬ 
ver mica capacitor and RF choke tied 
from each tube socket grid pin to 
ground as suspect. At his suggestion, 
the component leads were reduced to 
the shortest possible length. The 
choke was also re-positioned so that 
its "cold" end was laid against the 
chassis. This appeared to reduce the 
choke Q and lessen the probability of 
parasitic oscillation. After these simple 
modifications, the amplifier remained 
stable. The tuning capacitor never 
arc'ed again. 

For the past eight years I've had 
first-hand production experience with 
several hundred HF linear amplifiers 
using the Eimac 8874 and 8877. To 
date I've not seen a single case of para¬ 
sitic oscillation or instability of any kind 
with these tubes. In addition to care¬ 
ful circuit layout, the key to stable 
operation appears to be the use of 
Eimac's recommended tube sockets. 
It's no accident that a tube manufac¬ 
turer specifies all relevant operating 
parameters — from airflow require¬ 


ments, to element voltages, to such 
mundane items as heat-dissipating 
anode connectors and sockets. The 
E.F. Johnson socket specified for use 
with the 8874 can be mounted so that 
the grid pin terminal lugs are bent over 
and soldered directly to the socket sad¬ 
dle. The Eimac SK-2210 socket for the 
8877 provides four short, direct, grid 
grounding spring clips. In both cases, 
the grid-to-ground connection has 
very low inductance and a large con¬ 
ductive area. 

The possibility of interelectrode 
shorting demands the inclusion of a 
current limiting resistor in the plate 
supply. Without it, the tubes and HV 
rectifiers are in jeopardy. The resis¬ 
tance provides a voltage drop that's 
dependent upon the current drawn. 
The voltage drop can actuate a plate 
current relay that turns off the ampli¬ 
fier if the dreaded short occurs. This 
resistor, like the "feedback resistors" 
in AG6K's article, provides cheap 
insurance. 

Reliable equipment operation isn't 
magical. Nor is it accidental. It should 
be the heart of the design. 

Ray R. Heaton, NJOG 
Canon City, Colorado 81212 


Dear HR: 

Having had 36 — I repeat, three 
dozen — 572 tubes fail in a manner 
similar to that described by AG6K, in 
his April article (page 31), I found his 
conclusions very interesting and pro¬ 
vocative. 

The amplifier I was using was grid- 
driven, neutralized, and had parasitic 
suppressors in both plate and filament 
leads. The filament lead suppressors 
varied from several to as many as eight 
turns of No. 14 enameled wire wound 
on an 82-ohm 2-watt resistor. I had no 
arcing at the plate tuning capacitor to 
warn me because the capacitor is rated 
at 7000 volts. In every case, the big 
bang would result in one tube failing 
at a time. The tube would develop a 
grid-to-filament short and sometimes 
the filament would open. 

I liked AG6K's explanation and cure, 
but several things keep sticking in my 


mind. He says the cure is 90 percent, 
not 100 percent effective. In my case, 
on three or four occasions I definitely 
saw the grid meter give a reverse kick 
just before the big bang. The tubes 
were operated Class C with high bias 
voltage. 

He is right about lots of power be¬ 
ing involved, because the bang would 
blow the 30-Ampere fuses in the 234- 
volt line feeding the power supply. 

The trouble seems to have started 
around 1981. Tubes purchased before 
that time gave years of trouble-free 
operation. I have an old HXL-1 in 
which the tubes must be 15 years old. 
I may be wrong, but I came to the con¬ 
clusion that the troubles began when 
the manufacturer changed the amplifi¬ 
cation factor from 160 to 200. (I have 
a feeling AG6K is going to write more 
on this.) 

John Labaj. W2YW 
Elsmere. New York 12054 

directive antenna 

Dear HR: 

W4MB's article, "A New Class of 
Directive Antenna," (April, 1986, page 
107) — with its coverage of the Land- 
storfer antenna — was very interest¬ 
ing. I was impressed when this idea 
was recently demonstrated by Frank 
Rutter, K3AW, at the Tropical Ham- 
boree. Then I remembered that a little 
more gain can be developed with a 
straight shorter (5/4 wave) element 
Yagi which would be much simpler, 
mechanically, to reproduce. An exam¬ 
ple of this, the "extended double 
Zepp"-type Yagi beam antenna was 
described "The Extended Element 
Beam" in the December, 1983, issue 
of QST. 

The Landstorfer antenna does make 
a nice exercise in wave theory. May¬ 
be somebody will come up with a more 
compact structure that will provide in¬ 
creased gain and be useful for con¬ 
struction on the HF bands. A step in 
this direction is the log-Yagi as outlined 
by Leo D. Johnson, W3EB, in "Log 
Yagis Simplified" (ham radio. May, 
1983). Wayne W. Cooper, AG4R 
Miami Shores, Florida 
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a VHF noise bridge 


Measure resistances 
and reactances 
to within 3 ohms 
at 146 MHz 


Although there is no need to enumerate the many 
merits of the noise bridge, it is not used as often as one 
might expect. One of the reasons for its limited accep¬ 
tance by the Amateur community may be that one needs 
some knowledge of the impedance-transforming 
properties of transmission lines as well as modest mathe¬ 
matical skills in order to take full advantage of its great 
measuring potential. 

Several excellent articles about noise bridges operat¬ 
ing in the frequency range of 3.5 to 30 MHz have been 
presented in this magazine. 12 However, to date, noth¬ 
ing has been said about a VHF noise bridge. 

The usefulness of a noise bridge depends mainly on 
its accuracy. Throughout the HF spectrum it is difficult 
to maintain a 1 percent accuracy over the relatively large 
frequency range of 3.5 to 30 MHz. In the VHF version 
bandwidth is small but the operating frequency is con¬ 
siderably higher, which poses the main difficulty. Con¬ 
ventional noise bridge construction with a variable 
resistor and a variable capacitor does not lead to 
success. 

At VH F frequencies, a variable resistor of 200 ohms, 
for example, exhibits too much inductance. In addition, 
the sheer physical size of the variable capacitor in con¬ 
junction with the usually awkward position of its term¬ 
inals make it practically impossible to provide inter¬ 
connections without adding prohibitively large induc¬ 
tances, thus degrading performance severely. 

This article describes the construction of a noise 
bridge for the 2-meter band (144 to 148 MHz) that has 
sufficient accuracy to permit credible and reproducible 
measurements on multi-element antennas or antenna 
systems consisting of antenna and transmission line. A 
practical example of determining the impedance of an 
antenna via its feedline from the shack is presented. 


The four items that control noise bridge accuracy are 
the wideband transformer, the variable resistor, the vari¬ 
able capacitor, and the physical layout (wiring). Obvi¬ 
ously, single-point grounding is mandatory. If we 
replace the variable resistor with a PIN diode and the vari¬ 
able capacitor with five parallel connected tuning di¬ 
odes, it is possible to shrink the size of the noise bridge 
toa minimumand achieve almost perfect wi ring. Acer- 
tain weakness exists because of the rather poor RF 
properties of the SO-239jack; because most Amateurs 
use the PL-259 plug, it was retained. 

the wideband transformer 

The transformer must have electrical symmetry and 
close magnetic coupling between primary and secon¬ 
dary windings. It consists of four tightly twisted No. 24 
enameled copper wires with 0.5 mm diameter. Two op¬ 
posite wires of the bundle are the primary and secondary 
windings. The bundle is threaded about 3.5 times 
through a toroidal core — for example, an Amidon T 
50-10. The beginning and end of each winding must be 
marked with short pieces of sleeving material and then 
connected per fig. 1. It is important to have equal wire 
lengths between tra nsformer terminals A and D and cir¬ 
cuitry as well as between terminals B and C and point M. 
The toroidal transformer must be mechanically secured 
to the chassis with nylon hardware to prevent a change 
in calibration later on. 

noise bridge diagram 

The complete schematic of the noise bridge, shown 
in fig. 2 consists of a separate noise source and bridge. 

The noise signal is fed to the bridge via two equally 
long, thin coaxial cables 26.8 inches (68 cm) in length, 
corresponding to a half-wavelength at 146 MHz. The 
noise source is a 6.2-volt Zener diode whose noise spec¬ 
trum is amplified and fed to transformer T2, which is 
identical to the bridge transformer T1. The secondary 
center tap of T2 is connected only to the two shields of 
the coaxial cables and not to the ground system of the 
noise generator. Thisresultsin reduced chassis currents 
a nd guarantees a very sharp null indication by the bridge. 
The noise generator is housed in a shielded box away 

ByA.E. Popodi,OE2APM/AA3K, Moosstrasse 
7, Salzburg 5020, Austria 
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from the bridge section. The adjustable noise level 
results in improved null indication in some receivers and 
helps in finding the null. The center tap of the secondary 



winding of T1 is connected through a short piece of coax 
to the BNC connector (output to receiver). This BNC 
connector should be insulated from the chassis. The 
22-^H choke provides the ground return for the diode 
current and the tuning voltage. A gear train is recom¬ 
mended for the R and C dials. 

mechanical layout 

Figure 3 shows the layout of the noise bridge com¬ 
ponents. A base plate of silver-plated brass serves as the 
common mounting surface for all bridge parts. Point A 
is a short, insulated standoff; points K and L are good 
high-frequency feedthrough capacitors. Additional by¬ 
pass capacitors are provided in parallel with the feed¬ 
through capacitors. All five diodes are mounted 
between two small metal plates that have five holes 
each. This diode package is then soldered between their 
respective points. Point M, the center tap of the secon¬ 
dary winding, is a plain feedthrough insulator. Point N 
is a heavy but short grounding standoff. It is also the 
grounding point for the two coaxial cables that carry the 
noise signal. The reference capacitor C 0 must be sol¬ 
dered directly, with short leads, to the SO-239jack. 
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control signals 

The PIN diode requires a stable, constant current 
source. A P-channel FET, Q1, serving as constant cur¬ 
rent source, is controlled by the FET-input operational 
amplifier U1. At its input, a Zener reference voltage is 
compared with the voltage drop that the diode current 
generates across the variable resistor R1 and range- 
limiting resistor R2. The dial of resistor R1 is calibrated 
in ohms. Current range is about 0.2 to 10 mA, which cor¬ 
responds to a diode resistance variation of 150 to 4 ohms. 
The connection to the diode should be made using 
shielded cable. 

The five parallel connected tuning diodes require a 
variable DC voltage of 0.5 to 28 volts, controlled by 
potentiometer R3. The purpose of the 5.1 -kilohm resis¬ 
tor is to linearize the (nonlinear) relationship between 
tuning voltage and capacitance. Transistor 02 provides 
a low impedance and its base-emitter junction serves to 
compensate for the temperatu re coefficient of the tun¬ 
ing diodes. The 15- and 28-volt supplies must be 
regulated. 

calibrating the resistance dial 

The calibration of the R dial requiresa little test jig to 
determine the relationship between diode AC resistance 
and DC current. This is shown in fig. 4. A signal gener¬ 
ator supplies a 30-MHz signal to point A of an SPDT 
switch that may consist of a small metal bar that makes 
contact with either point B (non-inductive test resistor) 
or point C (PIN diode). The DC current can be delivered 
by the constant current supply described above or from 
an external DC source. A DVM is used to measure the 
current accurately. A second instrument is used to mon¬ 
itor the RF voltage at point A. The DC current must be 
adjusted until the voltages at B and C are equal. Three 
identical, non-inductive resistors of 50 ohms are re¬ 
quired. The first measurement is made with 25 ohms 
(two resistors in parallel). The next readings are taken 
with 50, 100, and 150 ohms. This test jig must be built 
on a copper-clad board, with short leads to all critical 
points; a common grounding point is important. If the 
values of current are plotted on 3-by-3 decade logarith¬ 
mic graph paper, the four points will lie on a straight line 
because of the logarithmic relationship between diode 
resistance and diode current. From this graph, the DC 
currents for all other resistance values can be read and 
the R dial can now be calibrated. (See fig. 5.) 

calibrating the capacitance dial 

This requires the measurement of the relationship 
between diode capacitance and DC voltage. The previ¬ 
ously mentioned diode package can be measured with 
a capacitance bridge, but the applied voltage must not 
exceed the tuning voltage. Capacitance meters that 
use constant current charging cannot be used because 
of the 6.2-kilohm resistor. 
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fig. 4. Test setup for resistance dial calibration. 



fig. 5. Resistance dial calibration chart. 
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Another method of measuring the capacitance in 
the noise bridge is to connect an inductor in parallel 
with the tuning diodes via a large DC blocking capa¬ 
citor. The DC voltage may be set to 3.5 volts. The 
anode terminals of the diodes must be isolated from 
the noise bridge circuitry and a 100-kilohm resistor 
connected from this point to the ground to provide 
a DC return for the tuning voltage. With the inductor 
connected, measure the resonant frequency first. 
Then add a known capacitance, 33 pF, in parallel with 
the diodes and measure the new resonant frequency, 
repeating this with 68 pF. The values of diode 
capacitance and inductance can now be calculated. 
Ater removing these additional capacitors, calibrate 
the C dial. For example, a capacitance of 70 pF is relat¬ 
ed to a specific frequency that is selected by adjust¬ 
ing the tuning voltage. A recommended inductance 
is 0.26 /iH, about 7 turns of diameter No. 18 AWG wire 
with 0.35-inch (9 mm) coil diameter. 

calibrating the noise bridge 

In order to understand the alignment procedure and 
interpret noise bridge readings properly, it is impor¬ 
tant to analyze the effect of parasitic inductances. 

The equivalent circuit of a resistor that has self¬ 
inductance (as a result of excessive lead inductance) 
is shown in fig. 6. If we convert the series R-L circuit 
into its equivalent parallel R-L circuit, resistor R1 is al¬ 
ways larger than R and LI is larger than L. Since LI 
is in parallel with the reference capacitor C Q , it reduces 
its apparent value and the noise bridge variable capa¬ 
citor must be set to a smaller value than C a in order 
to balance the bridge. Therefore, if we measure a resis¬ 
tor with self-inductance, the noise bridge indication 
is a higher R value and a capacitance value smaller 
than C a . As an example, at 145 MHz, the noise bridge 
will measure a 50-ohm resistor at 51.34 ohms and with 
3.5 pF less capacitance than C 0 , if the series induc¬ 
tance is 9 nH. This happens to be the inductance of 
a 1-centimeter length of No. 28 wire. 

Figure 7 shows the actual electrical circuit of the 
noise bridge X terminal area. L is the inductance be¬ 
tween the center pin of the SO-239 connector and 
transformer, including leakage inductance. The refer¬ 
ence capacitor C is assumed to be non-inductive. R 
is the load resistor. Figure 8 shows the calculated 
resistive and capacitive components of the impedance 
measured between points A and B as a function of 
R, under the assumption that L=2.5 nH and C = 58 
pF. It is interesting to note that for resistance larger 
than 23 ohms the apparent capacitance is larger than 
C. This capacitance enhancement is caused by the in¬ 
ductance L, which is in series with C, creating a ser¬ 
ies L-C tuned cirucit that operates below its resonant 
frequency. We also see that a 50-ohm resistor appears 
to be only 38.8 ohms. If we reduce R from 50 to 25 
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fig. 6. Series to parallel component equivalents. 
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fig. 7. Noise bridge X terminal area circuit. 


ohms, the resistance decreases fairly linearly, but the 
capacitance decreases non-linearly from 64.5 to 60.1 
pF. In other words, the resistance variation results in 
a resistance and capacitance change. 

From the above it may appear that building an ac¬ 
curate noise bridge is very difficult, if not impossible. 
However, if we provide the same inductance of 2.5 
nH in the other branch of the noise bridge, the same 
capacitance enhancement occurs, but in the opposite 
direction and the above 38.8-ohm resistor becomes 50 
ohms again. Therefore, the criteria for correct noise 
bridge operation are as follows: 

1. A resistance change at the X terminal must not affect 
the capacitance reading. 

2. A capacitance change at the X terminal must not af¬ 
fect the R reading. 

3. A capacitance variation at the X terminal must be 
equal to the change of the variable capacitor. If we add, 
for example, a 33-pF capacitor in parallel with the refer¬ 
ence capacitorand if the variable capacitor is increased 
by only 25 pF to obtain bridge null, then the capacitance 
enhancement at the X terminal side is too small. We 
must therefore add inductance to the X terminal side. 

How well these criteria are met depends on transform¬ 
er construction and alignment. Despite the low imped¬ 
ance level of the bridge circuitry, parasitic capacitances 
also affect noise bridge accuracy. PIN- and tuning di¬ 
odes may also introduce self-inductance. 
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Table 1. Conversion formulas. 
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recommended calibration procedure 

All parts must be added directly in parallel to the refer¬ 
ence capacitor C a , using the shortest possible leads. 

1. Connect a non-inductive, 1 /4-watt resistor in paral¬ 
lel to C 0 . 

2. Set the resistance dial to 50 ohms and the capacitance 
dial to a value equal to the sum of C a and the SO-239 
socket capacitance (in our case, 59.5 pF). If there is no 
noise null, slight bending or reshaping of the transformer 
leads will help. A small piece of ferrite held close to one 
of the wires indicates where to correct. 

3. Add a 33 pF capacitor to C 0 . if the capacitance dial 
must be increased by less than 33 pF to obtain bridge 
null, additional inductance must be added at the X ter¬ 


minal side (this inductance may consist of a simple 0.157 
inch, wire loop). If necessary, the taps on the center 
balancing inductors shown in fig. 3, may be changed. 
This balancing inductor consists of three turns of bare 
wire, its center point soldered to the feedthrough insu¬ 
lator. If equality cannot be achieved, the ratio of the two 
capacitance values (which is larger than unity) can be 
used as an instrument correction factor so thatany read¬ 
ing on the capacitance dial is multiplied by that factor. 
This improves bridge accuracy. 

4. Add another 50-ohm resistor in parallel to the first one. 
The R dial should indicate 25 ohms, and the C dial set¬ 
ting should not change. 

5. Adding a 33-pF capacitor to the first 50-ohm resistor 
should not affect the R dial indication. 
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ing a PL to BIMC adapter. However, the error is small. 

measuring antenna impedance: 
example 

The block diagram of the test setup is shown in fig. 
9. It is assumed that the antenna may be represented by 
the series connection of a 24.846-ohm resistor and a 
24.91 -pF capacitor. The noise bridge is connected to the 
cable input with the2-meter receiver serving as bridge 
null indicator. 

At this point we must digress and remember that we 
can calculate the load impedance Z/ of a transmission 
line from the (measured) input impedance Z/ (V if the ca¬ 
ble parameters — attenuation, length, and characteristic 
impedance — are known. Likewise, we can determine 
Z//v if Z/ is known. These conversions can be made with 
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Smith charts, but formulas are more accurate and con¬ 
venient, especially if a programmable calculator or com¬ 
puter is available. Table 1 is a listing of the required 
formulas. Formulas 1 and 2 can be used if you have a 
programmable calculator with complex operating mode 
(for example, an HP-15C). Formulas 3 and 4 lead to the 
same result, but are more cumbersome to use. 

Since the noise bridge readings are in parallel resis¬ 
tance valuesand the formulas assume series configura¬ 
tion, we must convert parallel-into-series circuits and 
vice-versa. These formulas are also listed in table 1. 

The most important cable parameter is length, 
represented by the term b in the formulas; it must be 
known fairly accurately. One method of determining the 
cable length, besides actually measuring it with a scale, 
is to disconnect the antenna from the coax and connect 
instead a suitable known resistor. You can then calcu¬ 
late with formulas2 or 4 the cable input impedance Z ^ 
and compare it to the input impedance that was meas¬ 
ured with the noise bridge. If there is a difference, try oth¬ 
er values for b until agreement is reached. 

In our example, assume the cable length is not precise¬ 
ly known and estimate a length of 31.3 feet (9.55 
meters). (Fig u re 9 shows the exact length as 31.49 feet, 
or 9.598 meters.) The cable length corresponding to one 
wavelength at 145 MHz is 

. • 0.66 = 1.3655 m or 4.48 feet (1) 

145 . m 

where the factor 0.66 is the velocity constant of the 
cable. Since we have assumed a length of 31.3feet (9.55 
meters), the value of b in formulas 1 and 2 becomes 

b = 360° ♦ - ---xz = 43.943 radians (2) 

J.J655 57.2 yo 

The factor 57.296 converts degrees into radians. If we 
use formulas 3 and 4 , b must be expressed in degrees. 

The value of a, the attenuation of the 31.3-foot 
(9.55-meter) cable, can be found from a handbook. As¬ 
suming 3 dB per 100 feet (30.48 meters), we obtain: 

a = 3 j 0 9 4 f '0.115 = 0.1081 Nepers (3) 

ThefactorO.115convertsdB into Nepers. The charac¬ 
teristic impedance Z Q is assumed to be 50 ohms. 

Now terminate the coax with a known resistor. Select 
a value that renders readings well within the range of the 
noise bridge. Obviously, values too close to 50 ohms 
must be avoided. The resistor must be accurately meas¬ 
ured with a DVM. Solder the non-inductive (preferably 
1 /4-watt) resistor, keeping leads as short as possible, be¬ 
tween the center pin and flange of an SO-239 socket and 
then plug it into the coax. The load impedance in our ex¬ 
ample is: 


Z L = 101.3 + jO 

(all valuesare expressed in ohms). Using formulaS2 or 
4, the input impedance Z/yyis calculated to be with a = 
0.1081 and b = 43.943 to: 

Z IN = 87.299 + j 4.046 

This is the input impedance measurement that should 
be indicated by the noise bridge. 

The noise bridge readings (taken at 145 MHz) are: 
Rnb = 77.5 ohms and C^g= 65 pF. Since the 
capacitance setting for a pure resistor is 59.5 pF, the 
capacitance difference is 5.5 pF. This represents, at 145 
MHz, a capacitive reactance of -j 199.57 ohms. The 
noise bridge readings are therefore 77.5ohms in parallel 
with -j 199.57ohms. Converting into its series equiva¬ 
lent, using formula 5, we have Z/^ = 67.34 - J26.15. 
Comparing this with the above calculated value for Z^ 
from Zp for another set of parameters, a and b, we find, 
after a few trials, we that a = 0.109 and b = 44.3406 
render the best agreement between measured and cal¬ 
culated Z//v- This value is 

Z, N = 69.67 - j27 

This compares favorably with the noise bridge measured 
input impedance of Z/jv = 67.34 - j 26.15. 

Having found the correct cable parameters, recon¬ 
nect the antenna (in our example, the test load) and 
measure the input impedance Z/^ with the noise bridge. 
The readingsare: B N g = 40ohms, Cnb= 83.5pF. The 
actual capacitance is 83.5 - 59.5 = 24pF. Capacitive 
reactance is - j45.73. Converting into itsseriesequiva¬ 
lent with formula 5, we obtain: Z ^ = 22.66 - j 19.82. 
This is the measured cable input impedance with the an¬ 
tenna connected. This value must be inserted in formu¬ 
las 1 or 3 to calculate the antenna impedance Z/,, using 
a = 0.109 and b = 44.3406. The result is: Z L = 27.195 
- j 43.97. This is the measured antenna impedance. 

As shown in fig. 9, the actual load impedance is Zg 
= 24.846 - j 44.066. 

This is a remarkably good result, considering the high 
operating frequency and the fact that the assumed 
values for cable attenuation and characteristic imped¬ 
ance may not be correct. However, errors in aand Z^are 
much less significant than errors in b. 

I n this example, the actual load consists of a 103-ohm 
resistor in parallel with an 18.9-pF capacitor, which is the 
parallel equivalent. This permits a more inductance-free 
connection, thereby reducing the instrumentation error. 

summary 

The construction of a VHF noise bridge that is ac¬ 
curate enough to permit credible and reproducible meas¬ 
urements on antenna systems is possible if a PIN diode 
serves as variable resistor and tuning diodes replace the 
variable capacitor. The component layout must be such 
that no wiring interconnections are necessary. Undesira¬ 
ble ground currents that degrade the null indication are 
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avoided using single point grounding, a brass mounting 
surface, balanced noise injection, and proper transform¬ 
er construction. 

Forantenna measurements via the feedline, we must 
know its exact length. If the length is not known, it can 
be found from measurements of the cable input imped¬ 
ance with the noise bridge and by comparing this value 
with the calculated input impedance, using a known ter¬ 
mination resistor. One ad vantage of this method is in the 
fact that the calculated value of b represents the actual 
cable condition and includes its velocity constant, which 
does not have to be known. All necessary formulas to 
calculate load impedance from input impedance, and 
vice-versa, are presented as are network conversion 
formulas. 

If the above method cannot be used because we can¬ 
not connect the test load, or if the cable length is not 
known accurately enough, the noise bridge readingsare 
still the exact load impedance that the transceiver 
"sees." This load is the antenna impedance, which may 
be transformed by the transmission line into a complete¬ 
ly different value, depending on cable length. 

If you want to measure impedances directly at the X 
terminal, be careful to avoid undesirable inductances 
and capacitances. Series connection of several adapters 
will degrade accuracy. Generally, a resistor with series 
inductance (or self-inductance) measures higher; the 
capacitance reading is below the reference value. 

To circumvent the deficiencies of the SO 239 connec¬ 
tor, measure the unknown impedance using a coaxial 
cable half a wavelength long at the frequency of interest, 
with properly integrated PL-259 plugs on both ends. 
Thus, the SO-239 connector becomes part of the coax 
geometry and does not affect accuracy. Components 
must be connected with the shortest possible leads, 
preferably using an SO-239 jack that is then connected 
to the cable. 

Possible sources of error are the instrument tolerance 
in the noise bridge and discrepancies in the assumed 
values for cable attenuation and characteristic imped¬ 
ance. The validity of the formulas may also be ques¬ 
tioned. Butaccordingtonumeroustests — and bearing 
in mind the statistical distribution of errors — the RMS 
error of this VHF noise bridge is less than 3 ohms in both 
the resistive and reactive components. 

There is still room for improvement of the presented 
design, possibly in transformer construction, bridge 
alignment, and in establishing electrical symmetry be¬ 
tween the X terminal and reference branch of the noise 
bridge. 
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artificial transmission lines 


Construction of striplines 
and hybrid couplers 
using hand tools 

Impedances can be matched in a variety of ways; 
some examples are the well known 1 /4-wave stub and 
its lesser known cousin, the series-section matching 
line. For OSCAR work, where circular polarization is 
required, the branch line hybrid is ideal. 

In most matching methods, transmission lines of 
non-standard impedances are required. The easy way 
out is to parallel two or more coax cables to come 
close to the required impedance; the harder way is to 
fabricate transmission line from copper pipe and brass 
tubing. Series-section matching uses two or more 
lengths of different, but standard value impedance 
coax. The problem with these, however, is splicing 
them together. 



stripline 

One form of transmission line used at UHF is called 
stripline. It is basically two printed circuit board strips. 
One PC board has a ground plane on one side and the 
transmission line center conductor etched on the other 
side. The other PC strip has a ground plane only. The 
two are assembled as in fig. 1A. To complete the self¬ 
shielding feature, such as in coaxial cable, a conduc¬ 
tive foil covers the exposed edges of the dielectric. The 
impedance of a stripline transmission line impedance 
is directly proportional to the width, W, of the line and 
inversely proportional to the ground-plane spacing, b. 
The W/b ratio and the dielectric constant, e, of the 
laminate determine the impedance of line (see fig. IB). 

But there's a problem with stripline. Printed circuit 
boards are fairly thin, and the center conductor width 
is small for the more popular line impedances. Thin 
traces are suitable for printed-circuit manufacturing 
but are rather awkward for the average ham to 
manufacture. The way to circumvent this problem is 
to widen the ground-plane spacing with Plexiglass® . 
The center line thus becomes proportionally larger for 
the same impedance (see fig. 2). 

A quarter-wave artificial line was made with a 
printed circuit board exterior, two Plexiglas spacers 
and 0.002 inch (0.05 mm) brass shim stock for the cen¬ 
ter wire (fig. 3). Measurements were made with a 
General Radio admittance meter type 1602-A (fig. 4) 
at 150 MHz. The result for 0.25 inch, 0.125 inch and 
0.062 inch Plexiglass is shown in fig. 5. Some advan¬ 
tages are obvious; for a line impedance of 50 ohms 
and using 0.25 inch (6.5 mm) spacers the center con¬ 
ductor width is 0.4 inch (10 mm), a dimension easily 
cut with average tools. But consider, too, the surface 
area. Most readers know about skin depth at radio fre¬ 
quencies. RF travels on the skin of a conductor. At 

By Rudolf E. Six, KA80BL, 30725 Tennessee, 
Roseville, Michigan 48066 
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fig. IB Impedance of the stripline is determined by width 
to ground-plane spacing. W/b and dielectric constant i, 
of laminate. 


a depth, 6, (“skin depth") the current decreases to 37 
percent of its surface value. For a copper conductor, 

5 = 2.6 y/T/f 

where 

£ — skin depth (inches) 
f = frequency (Hertz). 

As an example, at 150 MHz skin depth would be 
0.00021 inch (0.005 mm). Thus, 0.002 inch (0.05 mm) 
shim stock is adequate for UHF. A width of 0.4 inch 
(10 mm) is equivalent to a round center conductor of 
approximately 0.25 inch (6.4 mm) diameter. 

The resonant length depends on the dielectric of the 
Plexiglass: 

V = // Vr 

where 

V = velocity of propagation 
c = dielectric constant 

and 

. 3 • 101° • V 

L ~ . ~7 

where 

L = electrical wavelength (cm) 
f = frequency (Hertz) 

V = velocity factor 

The measured velocity factor was 0.60 or a dielectric 
constant of 2.78, close to the listed constant of 2.8 
for Plexiglass. The Fiberglass part of the PC board is 
part of the line dielectric (f = 4) and affects the total 
dielectric constant as the Plexiglass gets thinner. I used 
a velocity factor of 0.6 for the length calculation of 
quarter-wave stubs. The SWR, being the important 
factor, is flat over a wide frequency range. The hybrid 



fig. 2. Ground-plane spacing may be widened with Plex¬ 
iglass to avoid the problem of small center conductor 
width in common PC boards. 



fig. 3.1/4-wave stub fitted with a GR connector on the left and 
a50-ohm termination made up of fourfilm resistors on the right. 
Aluminum foil wrap stub are held together with paper clips. 



fig. 4. Test setup using the GR 1602-A bridge. 


coupler, however, has a sharp isolation bandwidth and 
several factors affecting resonant length, which are 
discussed later. 

construction of stripline 

The center conductor is 0.002 inch (0.05 mm) brass. 
This is available as brass shim stock in sheets or rolls 
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from machine tool supply firms. Figure 6 shows the 
fixture used for accurately slicing the shim stock. The 
base is a thick slab of Plexiglass. Formica or bakelite 
would also work, but the material must be hard 
enough so an Xacto® blade won't cut into it. I bought 
two steel rulers and mounted one firmly to the Plex¬ 
iglass. I attached the second ruler with two DeStaco 
hold-down clamps, also available from tool supply 
firms. 

To cut an accurate strip, the shim stock edge is 
placed against the fixed ruler. The second ruler, with 
the shim underneath, is spaced to the required width 
with vernier calipers. The clamps are secured and an 
Xacto knife is used to slice the brass shim stock. It 
takes a little practice, but the results are much better 
than you’d get with scissors. 

The plastic spacers are Plexiglass brand Lucite.’* 

I used this well-known brand because of its widespread 
availability and the possibility of variations in the die¬ 
lectric constant of other brands. Check the thickness 
of the Plexiglass; it does have some rather wide toler¬ 
ances. The printed circuit board is standard 0.0625 
inch (1.5 mm) G-10 glass epoxy. A table saw with a 


fine-tooth blade was used to cut the Plexiglass and 
the PC board. 

To mount the RF connector, a hole is first drilled 
through one of the PC boards and both Plexiglas 
spacers. The bottom PC board is left undrilled. The 
diameter of the hole is the width of the mounting 
flange of the RF connector. I used BNC connectors 
because most of my test equipment uses BNCs. BNC 
connectors, however, are prone to be intermittent. 
Use UHF connectors for 2-meter work and N connec¬ 
tors for 70 cm and above. The TNC connector is excel¬ 
lent for low-power work at UHF. Not well known to 
Amateurs, the TNC is small and has low SWR charac¬ 
teristics.* 

A small hole was drilled into the brass strip for sol¬ 
dering to the connector. This presented quite a pro¬ 
blem since the spinning drill grabbed the thin brass, 
but the problem was solved by squeezing the brass 
strip between two pieces of scrap Plexiglass (fig. 7). 
The top piece has a hole predrilled to the right 
diameter. The brass strip is positioned accurately 
underneath, then the assembly is held firmly by hand 
and the hole is drilled through. The result is a nice 
clean hole in the right place. 




•w !i T 



vn: 


fig. 6. Tools for cutting brass shim stock. 



msmam 


fig. 7. Drilling a hole in the brass shim stock. Two pieces of Plex¬ 
iglass are used to guide the drill. 

'Microwave Components. 11216 Cape Cod. Taylor, Michigan 48180. 
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ply held everything together with C-clamps and wicked 
plastic glue along the edges with a hypodermic nee¬ 
dle. The glue is methylene chloride."* 

Avoid using plastic glue with acetic acid as an ingre¬ 
dient (vinegar odor); it is conductive. A variety of glues 
are available from commercial firms selling plastics. 
The outer conductor is completed by soldering 0.001 
inch (0.03 mm) brass shim stock between both PC 
boards. 

How wide should the line be made? Or in other 
words, how far away should the center conductor 
edge be from the outer shield? If the transmission line 
is too wide, it tends to be inductive; if it's too narrow, 
the line impedance is affected by the outer shield being 



fig. 8C. A quarter-wave 2-meter power splitter. 


fig. 9. The pieces making up a hybrid coupler. When the strip 
The transmission line is ready for final assembly after was cut, a line was drawn with a needle to mark the center of 

the center conductor has been soldered to the RF con- the strip. This line was used for drilling the solder hole. 

nectors. I could have drilled a number of holes and - 

held the transmission line together with nuts and bolts, • -Weldon 3'. available Irorrt Industrial Polychumioal Service. P.0 Box 379, 

but I found it easier to glue the whole assembly. I sirri- Gardena. California 30247 . 
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too close to the center conductor. I found the best 
distance between center strip and outer shield to be 
equal to the thickness of the spacers. Thus if 0.125 
inch plastic spacers are used, the total width of the 
stripline is 0.375 inch (including the 0.0625 inch PC 
boards) larger than the width of the center conductor. 

matching lines 

A quarter-wavelength matching line is used to 
demonstrate the first practical use of these striplines. 
The impedance transforming properties of quarter- 
wave transmission lines are well known. Most 
Amateurs use them to couple antennas with an imped¬ 
ance different from that of the feed coax. Basically 


the input impedance, Z„, of a quarter-wave line ter¬ 
minated in a resistive impedance, Z/„ is 

Z„ = ZP/Z h 

where Z1 = impedance of quarter-wave line, 
rearranging 

Z/ = VZ„Z,, 

This means that the matching line, commonly called 



















a Q section, must have an impedance, ZI to match 
an antenna Z a to coax Zb- If two antennas of 50 ohms 
are paralleled, the impedance is25 ohms, and a Q sec¬ 
tion of 35 ohms is required to match this combination 
to 50-ohm coax. 

The dimensions and layout for such a power split¬ 
ter are shown in fig. 8A. With 0.25 inch (6.4 mm) 
spacers, the SWR was less than 1.1:1 from 144-148 
MHz. A UHF connector was soldered to each side of 
the line to make it possible to solder them side by side. 
Even so, their mounting base had to be filed down to 
make them fit fig. 8B. The mounting hole for the UHF 
connector was drilled through both PC and Plexiglass 
strips so the center conductor could be soldered to 



each connector from the back. A completed power 
splitter is shown in fig. 8C. Various types of power 
dividers are covered in reference 1. 

hybrid couplers 

Made up of interconnected transmission lines, the 
branch-arm hybrid coupler provides a 3-dB power split 
and a 90-degree phase shift between both outputs 
(fig. 9). Complete units for 2 meters and 70 cm are 
shown in fig. 10. This is ideal for OSCAR 10 commu¬ 
nications, in which two Yagis are mounted at right 
angles to each other and fed out of phase by 90 
degrees. Depending on which antenna is fed first, we 
can get right-hand or left-hand circular polarization. 
The hybrid coupler can be used in reverse to combine 
the signal returning from the satellite. Ernie 
Franke, WA2EWT, wrote an excellent article on this 
device. 2 

I constructed a hybrid-coupler from coax for the 
receiving end of my OSCAR 10 station. Three coax 
cables, including the outer shields, had to be soldered 
to each RF connector. Because the physical result 
didn't exactly excite me, I tried to come up with a bet¬ 
ter way of making these couplers; this led to the work 
presented here. (Although the basic idea behind these 
couplers is covered in this article, I would also recom¬ 
mend that anyone interested read parts 1 and 2 of 
reference 2.) 

The quarter wavelength 50-ohm line parallels port 

1 and port 2 with a total resistance of 25 ohms at port 

2 (fig. 11). Note that port 1 has a 90-degree phase shift 
from port 2. The 35-ohm line is used to convert the 
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fig. 16. 70-cm hybrid coupler: (A) Port 1-2 isolation; (Bl 
dimensions. 


25 ohms back to 50 ohms. Adding a second leg (fig. 
12) sets up the following conditions. The current from 
the generator divides itself between port 2 and port 
1 as before. A much smaller current also flows towards 
the isolation port from the generator following two 
paths. The long way around is one-half wavelength 
longer, or 180 degrees out of phase. These signals 
arrive in opposite polarity and cancel. This virtual short 
at the isolation port sets up two shorted quarter-wave 
stubs, one toward the generator and one toward port 
1. Their high impedance prevents current from flow¬ 
ing into the isolation port. 

Now what happens when reflected current flows 
back into port 1 because of poor port matching? The 
reflected current is absorbed by the isolation port and 
the generator. Again a small current flowing toward 
port 2 by way of two paths creates a virtual short at 



port 2. The resulting shorted quarter wave stubs pre¬ 
vent current flow from port 1 to port 2. The result is 
isolation between ports (fig. 13). 

The first hybrid coupler constructed was for 2 
meters. With care in fabrication, excellent isolation can 
be achieved between ports (fig. 14A). Inside and out¬ 
side cuts on the Plexiglass and PC frame were made 
with a table saw. Make sure the result is square. The 
distance between the RF connectors was marked 
accurately before a pilot hole was drilled. Good isola¬ 
tion depends on equal distances between ports. Even 
if the frame isn't perfectly square, make sure these dis¬ 
tances are equal. Note the width of the frame legs, 
0.625 inch (16 mm) and 0.775 inch (19.7 mm). One 
might think that a fractional value would be hard to 
duplicate; buy a pair of inexpensive plastic vernier 
calipers and practice on a piece of scrap before mak¬ 
ing the final cut. All the hybrid couplers used 0.125 
inch (3 mm) Plexiglass. The completed assembly was 
held together with eight small C-clamps. Methylene 
Chloride was wicked between the pieces with a 
hypodermic needle (a small brush or Q-tip® would also 
work). 

After approximately an hour's drying time, the shield 
is completed by soldering on the 0.001 inch (0.03 mm) 
brass shim stock. 

Width of the stripline also affects the frequency res¬ 
onance of the coupler. The line becomes inductive 
with increasing width. Since 0.125 inch (3 mm) Plex¬ 
iglass is used, the line width is 0.375 inch (9.5 mm) 
wider (including the 0-0625 inch [1.5 mm] PC boards) 
than the brass center conductor. All these factors are 
much more apparent in the hybrid coupler than in the 
simpler power splitter because the hybrid coupler 
tunes more sharply. 

I also ran some tests with the 2-meter hybrid cou¬ 
pler at the third harmonic in the 70 cm band. Each leg 
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then becomes 1 and M2 wavelengths. The frequency 
tripled almost perfectly (fig. 15) and again with good 
isolation. 

The second coupler was made for the 70 cm band. 
Dimensions are shown in fig. 16. As the coupler 
becomes smaller, care in construction becomes even 
more important. The center of the frame had to be 
cut with a sabre saw because the unit is too small for 
a table saw blade. A file was used to finish the dimen¬ 
sions. This unit will be used for the transmitting end 
of OSCAR 10. 


Presently the rig has one low-power amplifier and 
the output drives two crossed Yagis with a matching 
arrangement. I can now double the output by adding 
an amplifier. Impedances are 50 ohms, and the advan¬ 
tage here is that I can tune antennas for minimum 
SWR with a standard 50-ohm SWR bridge. 

conclusions 

The aim of this article has been to present a simple 
method of constructing matching devices of high qual¬ 
ity, in which connector problems commonly encoun- 


Appendix A (See fig. 5.) 


The information below is provided for the benefit of readers who wish to make their own graph for the data shown in fig.! 


Zt 

termination 

W 

spacers 

1/Zc 

conductance 

susceptance 

Zl 

impedance 


(ohms) 

inch (mm) 

(limhos) 

limhos) 

(ohms) 

0.25 Inch 

50.2 

0.047(1.19) 

3.4 

0 

121.5 

(6.5 mm) 

50.0 

0.097 (2.46) 

5.1 

0.4 

99.0 


50.3 

0.150 (03.8) 

7.2 

0.15 

83.6 


50.1 

0.203 (5.16) 

9.5 

0.3 

72.6 


50.1 

0.245 (6.22) 

11.4 

0.3 

66.3 


50.1 

0.297 (7.54) 

13.9 

0.5 

60.0 


50.2 

0.348 18.84) 

16.35 

0.9 

55.4 


50.2 

0.403 (10.2) 

19.2 20.8 

1.4 .6 

51.1 51.1 


50.1 

0.445 (11.3) 

22.2 17.5 

1.4 1.6 

47.6 46.9 


50.2 

0.498 (12.6) 

25.2 16.25 

2 2.5 

44.6 45.1 


50.2 

0.550 (13.9) 

14 

1.3 

41.9 


50.2 

0.600 (15.2) 

12.55 

1.5 

39.7 


50.2 

0.650 (16.5) 

11.15 

1.3 

37.4 


50.2 

0.750 (19.0) 

9.25 

1.3 

34.1 


50.2 

0.850 (21.6) 

7.55 

1.3 

30.8 


50.2 

1.000 (25.4) 

6.00 

1.3 

27.4 

0.125 

inch 

50.3 

0.047 (1.19) 

4.6 

0.5 

104.6 

(3.0 mm) 

50.2 

0.097 (2.46) 

7.8 

0.6 

80.2 


50.2 

0.150 (3.81) 

11.55 

0.8 

65.9 


50.2 

0.203 (5.16) 

16.1 

0.6 

55.8 


50.3 

0.245 (6.22) 

20.3 

1.0 

49.8 


50.1 

0.297 (7.54) 

15.1 

0.7 

43.5 


50.1 

0.348 (8.84) 

12.4 

0.6 

39.4 


50.1 

0.403 (10.2) 

10.2 

0.9 

35.7 


50.2 

0.445 111.3) 

8.8 

0.9 

33.2 


50.2 

0.498 (12.6) 

7.6 

1.0 

30.9 


50.2 

0.550 (13.9) 

6.55 

1.0 

28.7 


50.2 

0.650 (16.5) 

5 

1.0 

25 


50.2 

0.750 (19.0) 

4 

1.2 

22.4 


50.2 

0.850 (21.6) 

3.25 

1.4 

20.2 

0.0625 

inch 

50.1 

0.047 (1.19) 

6.4 

0 

88.5 

(1.5 mm) 

50.1 

0.097 (2.46) 

11.85 

0.2 

65.1 


50.1 

0.150 (3.81) 

19.15 

0.2 

51.1 


50.1 

0.203 (5.16) 

15.0 

0 

43.4 


50.1 

0.245 (6.22) 

11.7 

0.1 

38.3 


50.1 

0.297 (7.54) 

8.9 

0.4 

33.4 


50.1 

0.403 (10.2) 

5.5 

0.5 

26.2 


50.1 

0.498 (12.6) 

4.0 

0.6 

22.4 


50.1 

0.600 (15.2) 

2.9 

0,9 

19.4 


50.1 

0.750 (19.0) 

1.9 

0.9 

15.4 


1/4-wave measuring above 50 ohms 

1 /2-wave measuring below 50 ohms 


Z/ = -JZlZc Zl = ■42.5 Zl/Zc 
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Appendix B. Data for figs. 14, 15, and 16. 
2-meter hybrid coupler Port 1-2 isolation. 


143.95 MHz 

-34 dB 

144.39 

-36 

144.86 

-39 

145.13 

-41 

145.88 

-44 

146.37 

-41 

146.8 

-38 

147,34 

« 35 

148.04 

32 

2-meter hybrid coupler (operated in 70-cm 
Port 1-2 isolation. 

band) 

430.065 

- 20 dB 

431.695 

-23 

433.475 

25 

434.42 

-27 

435.55 

-30 

437,5 

-33 

438.95 

-30 

440 

-27 

440.97 

-25 

442.64 

23 

444.035 

-20 

447.035 

-18 

449.82 

- 15 

70-cm hybrid coupler Port 1-2 isolation. 


449 MHz 

-35 dB 

448 

-37 

447 

-39 

446 

-40 

445 

39 

444 

-37 

443 

-35 

442 

33 

441 

-31.5 

440 

-30 

439 

-29 

438 

~ 28.5 

437 

27.5 

436 

26.5 

435 

25.5 

434 

25.5 

433 

24 

432 

23.5 

431 

23 

430 

22,5 


tered in making matching systems are eliminated. 

Moving up to the GHz ranges could be accom¬ 
plished by using styrofoam rather than Plexiglass in 
a ring hybrid; the size problem could be avoided by 
operating on an odd harmonic such as shown above. 

references 
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New type of PLL 
beats the 
phase noise barrier 



1968 modal 1152 MHz signal source. 


low-noise phase-locked 
UHF VCO 


part 1: the noise problem 


Much has been written about voltage-controlled 
oscillators. In a recent ham radio article Hans 
Roensch, W0DTV, described a free-running UHF 
VCO, correctly acknowledging that such an oscillator 
cannot be used effectively in narrowband systems 
where low phase noise is required.' W0DTV’s article 
referenced an earlier article of mine, which included 
a description of a way to phase lock oscillators to re¬ 
duce noise. 2 

One of the major disadvantages of the phase-locked 
loop I described in reference 2 is the lack of AFC, re¬ 
quiring that'the VCO be set on frequency manually 
to effect phase lock. Under adverse conditions, drift 
of the oscillator's tuned circuit may exceed the hold- 
in capability of the loop, causing the VCO to unlock 
or jump to another phase-lock point. In this scheme 
the oscillator's frequency is divided by a factor of 40 
to make it compatible with the phase detector. This, 
as we shall see, is another disadvantage, which adds 
32 dB of excess noise to the VCO. 

To make this a more practical system, two additional 
features are needed: automatic frequency control 
(AFC) and UHF phase detection to avoid the need for 
prescaling. 

background 

A free-running VCO intended for use as a receiver's 
local oscillator (LO) in the 1215-1300 MHz band will 
generally exhibit a very broadband phase noise charac¬ 


teristic. Without the benefit of crystal control, its spec¬ 
trum may be so wide that the carrier is not readily 
identifiable on a spectrum analyzer because the devi¬ 
ation factor is so large. While the degree of phase 
modulation is relatively minor on the HF and VHF 
bands, as frequency is increased the modulation an¬ 
gle becomes proportionally larger. Self-excited TV os¬ 
cillators, for example, often sound like buzz saws on 
a UHF receiver as they wander around. Something 
better than this is obviously needed for use as a local 
oscillator in a narrowband receiver intended for recep¬ 
tion of NBFM, SSB, or CW in the 1215-1300 MHz 
band. 

The 1296-MHz transceiver I put together fifteen or 
twenty years ago was built around a 1152-MHz crystal- 
controlled signal source. I added a 144-MHz SSB sig¬ 
nal to the 1152-MHz generator in an upconverter to 
develop the 1296-MHz SSB exciter signal. Converse¬ 
ly, I used the 1152-MHz generator as the LO in a down- 
converter and a 2-meter receiver as the IF. This is a 
scheme in general use by many UHFers. Note that 
twice the 1152-MHz oscillator frequency is 2304 MHz, 
a fact of considerable interest to those operating both 
bands. 

The original 1296-MHz exciter employed a crystal 
oscillator-multiplier chain driving a step-recovery di- 

By Norman J. Foot, WA9HUV, 293 East 
Madison Avenue, Elmhurst, Illinois 60126 
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fig. 1 

. Block diagram of 1968-modal 1152 MHz crystal oscillator multiplier chain. 



ode (SRD) multiplier associated with a cavity resona¬ 
tor to develop the 1152-MHz local-oscillator signal. A 
64-MHz crystal oscillator was followed by a tripler, a 
doubler, and two stages of 384-MHz amplification. The 
second amplifier, a 2N3866, was used to drive the 
SRD. The power output from the cavity resonator was 
+10 dBm. Most of the circuitry was relatively straight¬ 
forward, but the SRD and cavity resonator circuits 
were quite complicated mechanically. Many contacts 
were made on 1296 MHz using this signal source for 
the exciter and downconverter, even before the 
1296-MHz band was as well populated as it is today. 
Figure 1 is a block diagram showing the crystal- 
oscillator multiplier system. 

instrumentation 

Since that time I have acquired an HP-8551 /851B 
spectrum analyzer, which gives me the opportunity to 
look more closely at the oscillator's noise and spuri¬ 
ous performance. The frequency spectrum showed 
spurious signals about 30 dB below the carrier and am¬ 
plitude and phase noise at or below the noise floor of 
the spectrum analyzer. An oscillogram of its spectrum 
is shown in fig. 2, with a photo of the unit. 

The 8551 can measure 70 dB below the carrier in 
a 1-kHz bandwidth. Phase and amplitude noise of an 
oscillator can be observed on this spectrum analyzer 
if the noise is great enough; however, for phase noise 
measurements of a clean and highly stable source, the 
spectrurh analyzer leaves much to be desired. 
Nevertheless, it does represent a benchmark against 
which the noise and spurious signal characteristics of 
other oscillators can be compared. 

Why be concerned with oscillator spectral purity? 
Because sideband amplitude and phase noise can con¬ 
vert directly into the receiver's passband and limit over¬ 
all sensitivity under multiple signal conditions. 34 For 
example, when a weak signal is being detected in the 
presence of a stronger signal, oscillator phase noise 
— beating with the strong signal — appears at the mix¬ 
er's output and enters the IF even though the strong 
signal may not. If the phase noise of the local oscilla¬ 
tor is great enough, the desired signal may be com¬ 
pletely buried in noise. Therefore, it is important that 
the phase noise of the local oscillator be made as small 
as possible. Low phase noise is one of the most im¬ 
portant characteristics of an oscillator. 



fig. 2. Oscillogram of spectrum of crystal oscillator multiplier 
chain. BW = 1 kHz. Horizontal scale30kHz/cm; Vertical scale 
10 dB/cm. 

specifications 

The VCO described here was intended to replace 
the 1152-MHz crystal-controlled oscillator-multiplier 
chain discussed above. The ground rules I set were 
to achieve performance as close to that of the origi¬ 
nal unit as possible and to accomplish this in a simple 
manner. The oscillator would be operated directly at 
1152 MHz without the need for frequency multipliers 
or cavity resonators and would be phase locked to a 
crystal reference signal in a relatively simple phase-lock 
loop. AFC would be included to avoid the possibility 
of any frequency ambiguity. 

phase-locked loops 

The theoretical aspects of phase-locked loops have 
been well covered in the references listed at the end 
of this article. It might be a good idea to do some 
reviewing before proceeding further. In particular I 
suggest reading (or re-reading) the two articles by 
Craig Corsetto, WA60AA. 6 6 For the most part, I will 
use Corsetto's notation to make this article easy to 
follow. 

phase noise at VHF 

It is less difficult to design a PLL around a digital 
phase detector than an analog one, especially when 
the VCO operates in the HF or VHF bands. But going 
beyond VHF into the UHF region introduces problems 
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fig. 3. Possible phase noise characteristics of a UHF VCO. 


that call for a considerable amount of ingenuity to keep 
phase noise low. The alternative would be to use mul¬ 
tiple loops, but this increases the circuit complexity 
considerably. 

To start out, I used a CD4046 phase/frequency de¬ 
tector; this required that the frequency of the VCO be 
prescaled (divided) by a large number so it would be 
compatible with the CD4046's upper frequency limit. 
I used an RCA CA3179 prescaler followed by a 
74LS191 divider. The prescaler operated in the divide- 
by-256 (UHF) mode, and the 74LS191 was pro¬ 
grammed to divide by eight. Total division was 2048, 
providing 562.5 kHz to the phase detector. By itself, 
this circuit was effective in providing AFC and phase 
detection, but, as we shall see, the noise introduced 
due to the division factor would be unacceptably high. 

loop bandwidth 

The loop bandwidth, fa, is a key factor in terms of 
phase noise because frequencies less than fi are un¬ 
der the control of the PLL while those greater than 
f(3 are not. fa is the frequency corresponding to unity 
open-loop gain: 


K$ = phase detector sensitivity 
in volts/radian. 


Kv'o = 42 MHz/volt, voltage tuning sensitivity. 
N = 2048, oscillator division factor. * 


For the CD4046, Kg = 0.7. Plugging in these values 
yields fa = 2285. The significance of this number will 
now be discussed. 

It is possible to calculate to a fairly good approxi¬ 
mation the phase noise of a free-running oscillator as 
a function of sideband frequency, using the follow¬ 
ing relationships: 789 


£ (f m ) = 10 tog 


FKT 

2P a , 


1 + 



dBc/Hz 


This equation is not as formidable as it may seem. The 
first term is Johnson noise divided by the oscillator's 
power output, which is 1/SNR (1/signal-to-noise ra¬ 
tio). F is the noise factor of the active device, K is 
Boltman's constant, and T is the absolute temperature, 


°K. 


The second term represents the manner in which 
noise is distributed on each side of the carrier frequen- 


* I have departed from Corsetto's notion by defining N in the usual manner as 
the divisor, a number equal to or greaterthan 1. This should helpavoid confusion. 
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fig. 4. Functional block diagram, new 1152 MHz generator. 


cy. The term f m is the distance away from the carrier 
that a measure of phase noise might be made. Note 
that when f m is very large, the second term ap¬ 
proaches unity, and 

£ (fm) approaches 10 log 

This is generally referred to as the single-sideband 
noise floor. 

Going away from the carrier, VCO noise decreases 
until it intersects the noise floor at f m = f 0 l 2Ql- At 
a VCO frequency f 0 = 1152 MHz and loaded Q, Qi 
= 25, the noise floor corner is 23 MHz. (As a rule of 
thumb, Ql = 0.2 Qy, where Qy is the unloaded Q .) 

closing the loop 

Using the various values of / m , the dotted curve of 
fig. 3 was drawn, including the noise floor, noise cor¬ 
ner, and unity gain band edge,/p. When the loop is 
closed, the noise departs from the 20-dB/octave slope 
and tends to become constant from fg to the carrier. 
The solid curve of fig. 3 represents the noise response 
of a fictitious VCO phase locked to a reference oscil¬ 
lator. Because N is so large, VCO noise near the car¬ 
rier is relatively high. 

The importance of fg cannot be overemphasized. 
As the loop bandwidth is widened, more and more 
phase noise comes under the influence of the loop, 
making for a quieter VCO. 

One way to widen the loop bandwidth is to reduce 
N. Unfortunately, the upper frequency limit of the 
CD4046 is about 2.5 MHz, based on a propagation 



time of 200 ns between terminals 15 and 13. The low¬ 
er limit on N is therefore about 450, giving 

fg a 10 kHz 

This reduces in-band phase noise by about 15 dB, 
which is better, but still not good enough. 

phase noise characteristics 

The phase-noise floor of a well designed crystal os¬ 
cillator is about 165 dB below the carrier at offsets be¬ 
yond 20 kHz but increases rapidly at lower frequencies 
as shown in fig. 3. 10 This curve was extrapolated from 
various manufacturer's specifications and includes 
low-frequency flicker noise. Since the noise of a VCO 
locked to this reference is increased by 20 log N above 
the noise of the reference, the best that can be ex¬ 
pected of the VCO under these conditions is about 
-80 dBm/Hz at offsets below fg. Notice that the 
phase-locked noise level is only 10 to 15 dB lower than 
for the free-running mode, because N is so large and 
fg so low. The curve of the free-running VCO was cal¬ 
culated and has been verified only indirectly. While the 
curve is referred to as "fictitious," it may in fact be 
quite representative of the VCO's actual performance. 
Use of such a VCO as the LO in a communications 
receiver would surely degrade overall performance, es¬ 
pecially in a multi-signal environment. An alternative 
would have to be found. 

phase/frequency detector 
— part of the solution 

The CD4046 is an interesting device because it is a 
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combination phase and frequency detector. In this 
dual role, it first steers the VCO toward the desired 
frequency (i.e., provides AFC) and then phase locks 
it to the reference. While the 4046 is not the only 
means to this end, it is far simpler than most other 
schemes. However, because it requires the use of a 
prescaler, phase noise is relatively high at UHF. What 
would happen if somehow N could be made equal to 
unity? f& would then become 2.55 MHz, providing a 
theoretical reduction in phase noise of over 60 dB! This 
would put the VCO noise in the vicinity of -150 
dBc/Hz and allow the noise specification of the UHF 
oscillator to be met. 

In an earlier ham radio article I wrote about a 
programmable HF receiver that uses direct synthesis 
(7V= /)." For AFC I added a counter, digital compa¬ 
rator, and a DAC (digital-to-analog converter). This 
receiver is still the workhorse of my station. It occurred 
to me recently that I might be able to use a similar di¬ 
rect phase detection scheme to provide phase lock¬ 
ing and low noise at UHF, together with a CD4046 for 
AFC purposes. The question was, could these two cir¬ 
cuits be made to work together? If so, this would fi¬ 
nally solve the noise problem. 

the final scheme 

The UHF PLL that finally evolved is illustrated in 
functional block form in fig. 4. The main loop includes 
a phase detector operating directly at 1152 MHz. The 
auxiliary loop includes the CD4046, which provides 
AFC. A "picket fence" of reference signals 12 36 MHz 
apart in the vicinity of 1152 MHz, is fed from the spec¬ 
trum generator to one port of the phase detector. An¬ 
other port receives a sample of output RF from the 
oscillator. The third port receives a frequency-steering 
signal from the CD4046. The output of the phase de¬ 
tector feeds a loop filter and amplifier driving the reac¬ 
tance port of the VCO. 

With this configuration, the noise of the VCO is ba¬ 
sically the same as that of the reference oscillator. As¬ 
suming that the noise curve of the reference shown 
in fig. 3 is accurate, then the VCO phase noise should 
be -90 dBc/Hz near the carrier, dropping down to 
- 150 dBc/Hz 10 kHz from the carrier and beyond. 
These are very respectable numbers indeed. 

frequency programming 

Using the numbers associated with fig. 4 establishes 
1152 MHz as the UHF oscillator's only operating fre¬ 
quency. However, a number of other options have 
been made available: 

• Provisions have been made to enable selection of 
N = 7, 8, or 9, corresponding to VCO frequencies of 
1008, 1152, or 1296 respectively {fvco = 144N). 

• A VXO can be used instead of the fixed-frequency 


crystal oscillator to vary the UHF oscillator's frequen¬ 
cy by a small amount, typically ±1.0 MHz. 

• Other output frequencies may be selected by chang¬ 
ing the crystal frequency. Given a desired UHF out¬ 
put frequency, the corresponding crystal frequency 
will be as follows: 


64 fvco 
2048 


for N = 8 


or f x = 0.03125 f V co 

For example, if the VCO frequency is to be 1116 MHz, 
f x = 0.03125 • 1116 = 34.875 MHz. 

As another example, suppose the UHF oscillator is 
to be used as the LO for an OSCAR 10 upconverter. 
If the SSB generator is at 28 MHz,f vco = 463 MHz 
and f x = 14.46875 MHz. Of course, in this situation 
both the crystal oscillator and UHF oscillator induc¬ 
tances would have to be increased appropriately. 

If you are planning operation on the new 902-928 
MHz band, and if you use 29 MHz as the IF, a high- 
side VCO will operate at 933 MHz and f x = 29.15625 
MHz, or a low-side VCO will operate at 875 MHz with 
f x = 27.34375 MHz. 

The circuits described here are by no means all- 
inclusive. The basic circuitry can easily be applied to 
other frequencies and other schemes, including fully- 
synthesized systems. For example, a frequency syn¬ 
thesizer could be substituted for the reference oscil¬ 
lator; however, this is beyond the scope of this article. 
The objective here is based on the concept that most 
Amateur UHF applications can be satisfied by provid¬ 
ing a dedicated output frequency per individual circuit 
board. 

Next month: construction, testing, and, per¬ 
formance. 
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PRACTICALLY SPEAKING 


using the multimeter 

In last month's column we dis¬ 
cussed various forms of multimeters 
Amateur Radio and other electronic 
hobbyists use in making electronic 
measurements. This month we'll dis¬ 
cuss how these instruments are used 
in practical applications. The proper 
use of volt, current and ohmmeters — 
as well as how to make high voltage 
and RF voltmeter probes — will also 
be discussed. 

how to connect meters 

It's essential that you learn the cor¬ 
rect way to connect meters into a cir¬ 
cuit, because using these instruments 
incorrectly can lead to catastrophe. 
Figu re 1 shows the correct methods 
for connecting the various forms of a 
basic meter. Note well that voltage, 
current, and resistance aren't meas¬ 
ured in the same ways; this fact leads 
to a high potential for damage to mul¬ 
timeters because the different func¬ 
tions are switch-selected. It's all too 
easy to "misconnect" a multimeter by 
switching ranges without first chang¬ 
ing the position of the probes. The 
connections for voltmeters and current 
meters are shown in fig. 1A. 

There are two simple rules to 
memorize: 

1. Voltmeters are connected in parallel 
with the load. 

2. Current meters are connected in ser¬ 
ies with the load. 

Don't ever violate these rules! The 
second rule — always connect the am¬ 
meter in series and never in parallel — 
is especially important. If an ammeter 
is connected across the load, its low 
internal resistance will draw large cur¬ 
rent from the power supply of the cir¬ 
cuit under test, and that current is 


usually much larger than the full-scale 
range of the meter. On an analog 
meter (a "pointer type" rather than 
digital) the pointer will often bend 
around the peg and a puff of smoke 
will waft from the edge of the case. 
The problem may be reduced in some 
digital multimeters (DMM), but is still 
present. Fortunately, most manufac¬ 
turers now place fuses in series with 
their multimeter probes. 



The rule for ohmmeters is to discon¬ 
nect the resistance being tested from 
the circuit even though the power is 
turned off. There are two reasons for 
this procedure: first, there may be 
parallel alternate paths for current to 
follow, and these will cause an errone¬ 
ous lower reading; second, there may 
be current stored in capacitors in the 


circuit, and that current can be large 
enough to destroy the meters. 

Power supply filter capacitors are 
particularly dangerous to meters. 
Although even professional electron¬ 
ics workers may ignore this rule, it's a 
good habit to follow even if discon¬ 
necting components is a bit of a 
nuisance. 

voltmeter "errors" 

I can recall an incident in a labora¬ 
tory class in which an electrical en¬ 
gineering instructor couldn't tell a 
certain student why the voltages read 
in an experiment were considerably 
lower than called for in the lab manu¬ 
al — and lower than the results of 
other students. The reason for the er¬ 
ror turned out to be loading of the cir¬ 
cuit by the voltmeter. 

A voltmeter has an input impe¬ 
dance. For a volt-ohm-milliammeter 
(VOM) type of instrument, the input 
impedance can be determined by the 
sensitivity rating in ohms per volt. 
Most good meters have a sensitivity of 
20,000 ohms per volt, and some espe¬ 
cially fine meters are rated at 100,000 
ohms per volt. Many inexpensive im¬ 
ported meters, on the other hand, 
have a 1000 ohms/volt sensitivity, 
which is very bad. Incidentally, the 
sensitivity reflects the full-scale "natur¬ 
al" range of the meter movement used 
in the VOM. The 20,000 ohms/volt in¬ 
strument uses a 50 ^A movement, 
while the 1000 ohms/volt meter uses 
a 1 mA meter movement. 

Figure 2 shows a sample circuit to 
illustrate the problem of loading. The 
circuit consists of a 10-volt source, V, 
and two series resistors, R1 and R2. 
What we need to know is the voltage 
across resistor R2 — that is, voltage 
V2. The correct voltage will be: 
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fig. 2. Simple circuit illustrates problem of 

loading. 




V • R2 10 volts X 10K 
Vl ~ R1 + R2 _ //OOK + I OK) 

V2 = 0.909 volts 

Now, consider what happens when we 
connect the voltmeter across resistor 
R2. The total resistance of this branch 
of the circuit is now the parallel com¬ 
bination of R2 and the meter's input 
resistance. Consider a 1.5 volt full- 
scale setting for the meter. At this set¬ 
ting, the 20,000 ohm/volt model has 
an input impedance of 30,000 ohms, 
and the 1000 ohms/volt has an input 
impedance of 1500 ohms. When con¬ 
nected in parallel with R2 to measure 
the voltage drop across the resistance, 
the combination of R2 and the input 
impedance forces new values of "R2" 
of 7500 and 1300 ohms, respectively. 
These heavily loaded resistances 
reduce the measured voltages from 
0.909 to 0.697 and 0.128 volts, respec¬ 
tively. These errors, which are sub¬ 
stantial, clearly illustrate the reason for 
using a voltmeter with a high internal 
impedance. 

high voltage probes 

Most high voltage meters are really 
ordinary voltmeters with a multiplier 
resistor or voltage divider network ad¬ 
ded. Figures 3 and 4 show two alter¬ 
nate methods for adding high voltage 
ranges to the standard multimeter. The 
HV probe of fig. 3 is used on those 
meters that have a specified input im¬ 
pedance of 10 Megohms (for example, 
VTVMs). When the series resistance 
inside the probe is 990 Megohms, the 
voltmeter will read 1/100 the actual 
voltage. Thus, a 30,000 volt potential 
will read 300 volts on the meter. This 


type of probe is widely available from 
electronic supply houses, especially 
those that cater to television service 
technicians, who often use such probes 
in conjunction with regular voltmeters 
for measuring anode potentials on color 
TV sets. 

The basis for the probe shown in 
fig. 3 is the resistor voltage divider cir¬ 
cuit, in which one element is the series 
resistance and the other is the volt¬ 
meter input impedance. These probes 
require an input impedance of 10 
Megohms. However, modern elect¬ 
ronic voltmeters, including FETVMs 
and DMMs, have input impedances 
much higher than 10 Megohms. For 
these cases we use a circuit such as 
the one shown in fig. 4. Again, when 
you buy an HV probe for your instru¬ 
ment it's likely to have this circuit in¬ 
side; in fact, some of the "universal" 
probes on the market are little more 
than circuits such as the one shown in 
fig. 4 with 100:1 or 1000:1 reduction 
ratios. 

You can, if you prefer, make such 
a probe yourself. I once made one for 
a hospital electronics lab that was 


based on the old-fashioned model 
shown in fig. 3. We had the old probe, 
which mated with a traditional VTVM, 
but it didn't work on the new DMM 
with its advertised 1000-Megohm input 
impedance. Since the meter had a pair 
of banana jacks spaced 0.75-inch apart 
(a standard value), I mounted resistor 
R2 on a dual banana plug and soldered 
the combination to the ends of the old 
HV probe. The value of R2 was 1 
Megohm, so with the 990 Megohms of 
the probe resistor I had a new probe 
with a 1000:1 reduction. We needed 
the probe for measuring the 12-15 KV 
anode potential of some elderly San¬ 
born scopes. In that case, a reading of 
1.2 to 1.5 volts indicated the correct 
vlaue. In other applications, one could 
use the same 10 Megohms for R2 as 
was common for VTVM input im¬ 
pedances to make a 100:1 reduction 
HV probe. 

A high voltage probe should be 
equipped with a good alligator clip for 
this connection. If you use an ordinary 
alligator probe, or a poor quality alli¬ 
gator clip for the common lead, then 
all bets are off — you could easily zap 


VTVM (ETC J 



fig. 3. High-voltage probe is used on meters with specified input impedence of 10 
Megohms. 
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fig. 4. High voltage probes such as FETVMs and DMMs are likely to contain this circuit. 
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the meter. Damage to the meter is es¬ 
pecially likely when it and the circuit 
under test are both grounded. If the 
common lead comes loose, the current 
from the high voltage circuit will try to 
find ground through the instrument. 

meters in RF circuits 

Very few multimeters are designed 
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fig. 5. RF blocking probe allows measure¬ 
ment of DC voltages in circuits where RF 
is likely to be present. 


to operate in RF circuits. There are two 
problems: first, we sometimes need to 
measure DC voltages in the presence 
of large RF voltages; second, we might 
want at least a relative indication of the 
value of the RF voltage present in the 
circuits. Fortunately, we can build our 
own probes that serve both functions. 

The RF blocking probe shown in fig. 
5 is designed to allow measurement of 
DC voltages in circuits where RF is 
likely to be present, such as in a radio 
transmitter. The circuit inside the 
probe is a low-pass filter consisting of 
a 2.5 mH RF choke and a 0.01 ^F capa¬ 
citor. This circuit will block enough RF 
in most cases to permit a reading of 
the DC component. If there's still a 
problem, try two or three sections of 
the RFC/capacitor circuit to provide 
additional attenuation. 

There are problems to be aware of 
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fig. 6. RF voltmeter probe circuits demodulate AM signals. (A) Low-cost demodulator was 
found in signal tracers; (B) Long popular with Radio Amateurs, this circuit was original¬ 
ly published in the ARRL Handbook-, (Cl Another popular circuit can be calibrated in terms 
of RMS voltage. 


when using the RF blocking probe 
shown in fig. 5, however. The most 
obvious is that the RFC and the capa¬ 
citor might interact with LC elements 
in the circuit and could thus distort the 
readings. It's also possible to damage 
certain circuits by detuning them — as 
in detuning a plate tank circuit while 
the circuit is live, for example. 

Another problem is that RF chokes 
have a resonant frequency. This fre¬ 
quency is a result of the inductance 
and interwinding capacitance of the 
choke. When using the probe at the 
choke's natural resonant frequency, it 
will act like any other resonant circuit 
and perhaps destroy itself. 

RF voltmeter probe circuits are 
shown in fig. 6. Both of these are 
sometimes called ''demodulator 
probes" because they'll demodulate 
AM signals. A service instrument 
called a signal tracer is little more than 
an audio amplifier with a low 
capacitance probe up-front to pick up 
audio signals. If we replace the low 
capacitance probe with one of the cir¬ 
cuits shown in fig. 6, we'll be able to 
troubleshoot AM receiver RF and IF 
circuits. With the diodes shown, we 
can measure RF potentials up to about 
50 or 60 volts peak. For greater poten¬ 
tials, use two or more diodes in series. 
The diodes, by the way, are old-fash¬ 
ioned germanium diodes. Although 
largely supplanted in the market by sili¬ 
con diodes, there are still many 1N60 
diodes used as video detectors in TV 
receivers. You can still buy 1N60 di¬ 
odes under the ECG-109 and certain 
other "universal" replacement part 
numbers. 

The probe shown in fig. 6A was 
used in a number of low-cost demodu¬ 
lator probes associated with signal 
tracers a few years ago. The circuit 
shown in fig. 6B, on the other hand, 
has been popular among Radio 
Amateurs for decades because a simi¬ 
lar circuit was published in the ARRL's 
Handbook. Finally, there's another cir¬ 
cuit, shown in (fig. 60 that's also very 
popular, and can be calibrated in terms 
of RMS voltage. 
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Easy-to-build 
3CX1000A7 unit 
provides 
legal limit output 


6-meter 

kilowatt amplifier 



KXIO with completed "Colorado Kilowatt" 6-meter 
amplifier. Photographs courtesy WOMXY 


Several years ago I became interested in VHF con¬ 
testing and soon realized that contests require the ulti¬ 
mate in VHF operating skill, knowledge of propaga¬ 
tion, and the best equipment an operator can muster. 

Six meters, located in the “gray zone" between HF 
and VHF, but exhibiting characteristics of both, has 
made or broken many a VHF contest effort. If it's 
open, working 6 meters requires topnotch skills to 
maintain rate and sift through pileups on or near 
50.110. If 6 is dead, then high power, good antennas, 
and scatter techniques are the name of the game. 

It was the urge to work the 6-meter scatter circuits 
— and the rigors of contesting — that made me con¬ 
sider obtaining a full legal-limit kilowatt for the band. 
The amplifier had to be able to deliver full power out¬ 
put without strain for hours. It had to be a trouble-free 
design; after all, who likes to doctor an amp during 
a band opening? Because of second harmonic prob¬ 
lems in the FM broadcast band and proximity to chan¬ 
nel 2, it would also have to have a very clean signal. 
Quite an order! 

There simply weren't any commercial 6-meter amps 
that met my requirements. Ten-year old marginal com¬ 
mercial amps built before the "amplifier ban" days and 
150-watt bricks were the sum total of selections avail¬ 
able. Because most of the older units used a pi out¬ 
put circuit that just wouldn't provide enough harmonic 
rejection, they weren't clean and had second har¬ 
monics only 40 dB down. By today's standards, amps 
built for use above 50 MHz must exhibit second har¬ 
monic attenuation of at least 60 dB below the fun¬ 
damental signal. 

So I began to look for a design that would fit these 
parameters. After some research, it became clear that 


the pi-L output circuit, which provided a clean signal 
and sufficient harmonic suppression, would be the 
right way to go. 

A 1000-watt dissipation tube was necessary. This 
meant that I'd have to use a pair of tubes such as those 
of the 8874 series or a single tube in the 8877 class. 
I ruled out glass envelope tubes because of high inter¬ 
nal capacitances. 

I chose the Eimac 3CX1000A7, a 1000-watt plate dis¬ 
sipation triode that's very similar to the 8877 except 
for a different socket. Parts are available from most 
parts supply houses. I used my junk box, RadioKit, 
Amp Supply, and a local parts supply house to obtain 
the necessary items.* 

The amplifier is built on a 10 x 12 x 3-inch Bud chas¬ 
sis. (fig. 1). Aluminum panels (0.040 inch thick) are 
used for the chassis bottom cover, sides, and top 
plate. Aluminum "L" stock, available from most hard¬ 
ware stores, is used to hold the sides and top plate 
securely. All metalwork was done in my workshop 
using standard hand tools. 

circuit description 

The amplifier uses a grounded grid circuit with either 
the Eimac 3CX1000A7 or 8877, ceramic/metal triodes 
intended for linear service in the HF and VHF ranges. 
The amp provides the legal power output of 1500 watts 
PEP and CW service with no effort and requires a 
driver delivering between 50 and 80 watts at 50 MHz. 
This is well within the limits of multi-mode rigs. 

With a plate voltage of 3000 volts at 0.8 amps the 

By Lauren Libby, KXOO, 6166 Del Paz Drive, 
Colorado Springs, Colorado 80918 
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fig. 1. 6-meter amplifier schematic. 


amplifier performs at 60 percent efficiency. The grid 
is grounded by means of the grid ring of the 
3CX1000A7 socket providing a low-inductance path 
to ground. The amplifier is completely stable. 

One notable feature of the amplifier is the use of 
a vacuum variable capacitor for tuning and loading 
controls in the plate circuit. The plate tuning capaci¬ 
tor is a 3-30 pF and the loading capacitor is a 0-250 
pF. I used these units because they were available. 
The tuning capacitor should be a vacuum-variable 
because of the high voltages and currents present. An 
air-variable with large spacing could be used — just 
be sure not to exceed the voltage rating of the capac¬ 
itor. The loading capacitor can be an air-variable that 
is of good RF transmitting design and rated for at least 
2000 volts. 

The pi-L circuit provides good harmonic suppres¬ 
sion and broad frequency coverage. Most designs for 

*RadioKit, Box 411H, Greenville, NH 03048; AmpSupply, 201 Snow Avenue, 
Raleigh, NC 27602 


parts list 

B1 

blower <Dayton IC180) 

Cft 1,2 

1000-volt, 1-Amp diodes (Radio Shack) 

DS1 

110-volt lamp and holder 

FT 

0.001 SOO vott feedthroughs 

J1 

Mi/len high-voltage connector 

J2 

"N"-type chassis connector 

J3 

BNC chassis connector 

LI 

6 turns. No. 18 on slug coil form available from Radio Kit. 

CTC 1538-4-3 or equivalent, spaced 718 inch 

L2 

6 turns No. 18, 1/2 inch diameter, 5/8 inch long, self- 
supporting 

L3 

3-1/4 turns, 1/4-inch copper tubing, 2-inch diameter 4 inches 
long 

L4 

8 turns. 3/15-inch copper tubing, 2-1/4 inches long, 3/4 inch 
diameter 

RFC1 

43 turns. No. 16 enameled, spacewound about 4-1/8 inches 
long on 3/4 inch diameter x 6-1/2 inch long teflon rod thread¬ 
ed to fit wire windings 

RFC2 

Ohmite 2 30 

RFC3.4 

30-Amp filament choke lavailable from Amp Supply) Bifilar 
wound on ferrite rod 

T1 

5-volt. 30-Amp filament transformer (StancorJ No. P-6468 


the 6-meter band cover only the first couple of Mega¬ 
hertz of the band because of exotic designs using 
"floating turns" and expandable coil arrangements. 
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fig. 2. Grid compartment, bias supply, and input circuits. All 
connectors outside the compartment are made through feed¬ 
through capacitors. The input components are pictured in the 
lower center of the grid compartment. 

These designs have been attempts to deal with high 
internal capacitances present in transmitting tubes. 
Only about 30 pF of capacitance are needed to reso¬ 
nate most circuits at 50 MHz, and many tubes have 
almost that much capacitance. So, in essence, the 
tube is a fixed tuning capacitor resulting in no tuning 
range for a variable capacitor. 

This amplifier circuit provides for this condition by 
raising the Q of the circuit to allow for more capaci¬ 
tance tuning range. By increasing the Q, harmonic 
suppression is improved. 

A 12-volt 50-watt zener diode is placed in series with 
the cathode'return line to set the desired plate idling 
current and bias. The plate and grid circuits are 
metered in the cathode return lead. 

the input circuit 

The input circuit is a "T" design consisting of two 
coils and a shunt capacitor. One coil and capacitor are 
variable. With these two adjustments it’s possible to 
cover a broad range of input impedances. 

The controls are brought out the side of the unit for 
easy tuneup. Since the input circuit is a fairly broad¬ 
band circuit, no tuning is needed once it's set for the 
first Megahertz of the band. 

The input matching circuit can be seen in the lower 
center of the under-chassis photograph (fig. 2). The 
filament choke, a commercial unit obtained from Amp 
Supply, is capable of handling 30 amps of current at 
5 volts. 


A 1000-pF ceramic doorknob capacitor is used 
between the BNC input connector and the variable 
inductor in the input circuit. A transmitting mica would 
have worked just as well, as long as it was capable 
of handling 100 watts of drive power. Silver mica capa¬ 
citors are used to isolate the filament line. 

bias circuit 

The bias circuit is built on a subassembly consist¬ 
ing of a brass plate and components. The subassem¬ 
bly is mounted on 1-inch spacers above the bottom 
of the chassis. The large resistors shown near the 
zener diode are suspended on a teflon rod hung from 
mounting supports. 

plate circuit 

Figure 3 shows the layout of the pi-L circuit. The 
plate choke is 43 turns of No. 16 gauge wire wound 
on a 3/4-inch diameter teflon rod measuring 6-1/2 
inches long. I threaded the rod using an NC (National 
Course thread) die and then spacewound the coil in 
the threaded grooves. Half-inch copper strap is used 
to connect the plate circuit components. (This again 
is to accomodate the rigorous operating conditions.) 
Since the plate circuit has a high Q, large circulating 
currents are present. The vacuum variables are 
mounted with 0.060-inch aluminum "L" brackets that 
were fashioned with metal shears and bent to shape. 
The plate inductor L3 is wound from 1 /4-inch copper 
tubing. The "L" portion of the circuit is mounted away 
from the loading capacitor at a 90-degree angle and 
is connected to a Z-50 (Ohmite) RF choke and antenna 
connector. 

The layout is clean and easy to reproduce. Notice 
that an aluminum shield protects the filament trans¬ 
former from stray RF. 



fig. 3. View of platecompartment. Note the location of the high 
voltage capacitor, plate choke, and plate circuit. This is an 
uncluttered layout and easy to reproduce. 
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fig.4. Rear view of completed unit. High-voltage connectorand 
input tuning controls are pictured. The blower is positioned to 
pressurize the lower portion of the chassis. 



fig. 5. Completed rear view showing the feedthrough capaci¬ 
tors. output connector, meter mountings, and blower location. 


The high-voltage connector is encased in an alumi¬ 
num mini-box and connected to the high-voltage feed¬ 
through capacitor. Safety is paramount when dealing 
with lethal voltages such as those used in this design 
(see ffg. 4). 

The tube chimney used with the 3CX1000A7 is a 
piece of teflon sheet (0.030 inch) cut to fit around the 
anode of the tube and fastened with teflon tape. Air¬ 
flow is directed from below the chassis and through 
the socket, and is then exhausted through the tube 
and out the top of the amplifier (see fig. 5). 

tube performance data 

Either a 3CX1000A7 or an 8877 can be used in the 
circuit. The 3CX1000A7 uses either the Eimac SK-860 
or SK-870 air system socket, a breechlock type. The 
8877 uses a plug-in Johnson 122-247-202 socket. 

Both tubes use 5 volts for the filament voltage. The 
primary difference is that the 3CX1000A7 requires 30 
amps of current, since it has a directly heated filament, 
and the 8877 requries 10 amps. 

Many operating parameters were tried with this 


piece of equipment. The most suitable ones for Ama¬ 
teur use are listed for the 3CX1000A7 below: 


Plate Voltage 

Plate Current (Single Tone) 
Plate Current (Idling) 

Grid Voltage (Bias) 

Grid Current (Full Drive) 
Filament Voltage 
Filament Current 
Power Input 
Power Output 
Drive Power 


3000 Volts 
0.800 A 
0.125 A 
- 12 Volts 
0.200 A 
5 Volts 
30 Amperes 
2400 Watts 
1450 Watts 
75 Watts 


adjustment and tuneup 

The completed amplifier is shown in fig. 6. Before 
applying any operating voltages, grid dip the input and 
output circuits to 50 MHz with the tube in the socket. 
This can be acccomplished by putting a 50-ohm load 
on both the input and output connectors. Tune the 
variable inductor and capacitor in the input circuit to 
resonate at 50 MHz. Note that this will have to be 
tuned again after the amplifier is operating; this will 
put it in the ballpark, however. 

Grid dip the plate tuning circuit to 50 MHz without 
applying any voltages. You may have to expand or 
compress L3 to resonate the circuit. L4 should not 
require any adjustment and is not as critical as L3. 
However, it should resonate near 50 MHz. 

Turn on the blower and apply filament voltage. Let 
the tube warm up, check the filament connections at 
the tube to ensure that a full 5 volts is present. Some¬ 
times a voltage drop can occur across the filament 
choke. The tube should be within 0.25 volt either side 
of 5 volts. 

Place a wattmeter in the input and output line of 
the amplifier. The input meter should be capable of 
handling at least 100 watts and the output meter 
should be capable of measuring 1500 watts output. 

I used a 2500-watt slug in my Bird meter. Tuneup was 
executed into a 1500-watt dummy load. 

After the tube has warmed up, apply reduced plate 
voltage (about 2000 volts) and look for any evidence 
of arcing or other abnormal conditions. If everything 
appears to be operating normally, apply a small 
amount of drive and adjust the input circuit for mini¬ 
mum SWR. Do this quickly and with no more than 
10 watts of drive. 

Apply more drive gradually and adjust the plate tun¬ 
ing and loading controls for maximum output power. 
Look for any abnormal conditions. If none are 
observed, increase the drive and retune. If everything 
looks good, increase the plate voltage to 3000 volts 
and quickly tune the amplifier with about 50 watts of 
drive applied. Read the output power, compute the 
input power by multiplying plate voltage by the plate 
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fig. 6. Front view of the "Colorado Kilowatt." 


current and compare it with the output power meas¬ 
ured. This will give you an idea of the plate circuit effi¬ 
ciency. If everything appears normal, increase the drive 
to 80 watts, set the parameters suggested in this arti¬ 
cle, and you'll have a commanding signal on the 6- 
meter band. 

final comments 

Several lessons were learned in designing and build¬ 
ing this amplifier. One was not to hook the connec¬ 
tion of the high-voltage strap going to the tube to a 
bolt running through the teflon rod of the RF plate 
choke. During tuneup I had flaming teflon rod as a 
result of all the circulating currents running through 
a 6-32 screw. Make sure the connection of the tube 
strap is on the same side as the one to which the choke 
winding is attached. 

Before you begin construction of this amplifier, I'd 
suggest you do some reading: Bob Sutherland, 
W6PO's "Two-Kilowatt Amplifier for Six Meters," 
which appeared in ham radio in February, 1971, and 
Bill Orr's Radio Handbook, regarding the design 
parameters of the pi-L circuit, are "must" reading. 

Although you don't have to be an electrical engineer 
to build this amplifier (I'm an economist), it's not a pro¬ 
ject for the first-time builder. But if you have some 
experience, you may want to build it and enjoy the 
operating possibilities it affords. As you build, it may 
help to keep in mind something I've found to be true 
over several years of building amplifiers: for cleaner 
signals and years of trouble-free operation, it's best 
to over build. 

Because many good high-voltage circuits have 
already been published, I haven't included a power 
supply circuit with this article. Just be sure to make 
your power supply husky; if you have trouble lifting 
it, it's big enough. 

acknowledgments 

Many thanks to Ray Uberecken, AA0L, and Hal 
Bergeson, WUMXY, tor their encouragement and 
help. Special thanks to Reed Brandon of Eimac for 
hours of help in the initial design of the circuit. 

ham radio 


172 



























Inexpensive 1C 
makes front end 
“uncrunchable” 


a broadband amplifier-attenuator 


The step attenuator is an important RF building 
block. On the workbench it can be used for testing 
the performance of amplifiers, mixers, or entire receiv¬ 
er systems; they're particularly useful for intermodu¬ 
lation tests. In test equipment they're useful for level 
references in spectrum analyzers and other instru¬ 
ments requiring wide dynamic range RF level meas¬ 
urements. 

It's unfortunate, however, that step attenuators 
aren't often used in Amateur Radio receiver front ends. 
Anyone who's ever operated contests with a low dy¬ 
namic range receiver knows the disastrous conse¬ 
quences of receiver overload and intermodulation 
interference; it's usually the third-order intermod prod¬ 
ucts that cause problems in receivers. 12 

The equations that define the third-order product 
levels indicate that if you reduce the input signal lev¬ 
els by 1 dB, the third-order products will decrease by 
3 dB. Thus if you "switch in" 5 dB of attenuation at 
the front end, the intermod products will go down 15 
dB. With multiple strong signals coming through the 
receiver bandpass, the step attenuator can indeed be 
a useful feature; under contest conditions, for exam¬ 
ple, there's no need for an expensive receiver to be¬ 
come less useful than it might be when the addition 
of a few resistors and switches could have been used 
to eliminate the problem (fig. 1). 

Another problem arises during low signal level con¬ 
ditions, particularly at higher frequencies. Since the 
signal-to-noise ratio and "noise figure" of the receiv¬ 
er are largely determined by the front end, using a low- 
noise amplifier will improve ultimate sensitivity. The 
typical H F receiver front end consists of a tuned am¬ 
plifier complemented with some type of gain-control 
circuitry. This gain control can be automatic (AGC) 
or manual (RF). Front-end design is complicated by 
the tuned circuits necessary for image rejection if a 
low IF is chosen (<20 MHz). However, the trend in 


modern Amateur Radio receiver design is to first "up- 
convert" to a relatively high IF (typically 45 MHz). This 
technique places the image well up into the VHF spec¬ 
trum and eases the front-end filtering requirements. 

broadband constant gain and 
impedance 

Some type of bandpass and impedance matching 
circuit is still required as an interface between the an¬ 
tenna and the usual discrete amplifier device. Unfor¬ 
tunately the input and output impedances of the 
familiar bipolar and FET devices do not match the 
universal 50-ohm standards. 

The front-end amplifier problem can be greatly 
reduced by designing with a new broadband amplifi¬ 
er, the Signetics NE5025 (fig. 2). Priced at about 
$1.50, the 5205 is a 20-dB gain block using a multiple 
feedback scheme that normalizes the input impedance 
over a very wide range. Both gain and impedance 
show only slight variation from DC to 650 MHz! The 
input impedance of the amplifier is simply "imaged” 
by the output termination; that is, if you terminate the 
output in 50 ohms, the input impedance will also be 
50 ohms. This particular characteristic, in monolithic 
form, should be of interest to RF experimenters. 

The 5025 also works in systems of 75 ohms and 
higher impedance. JFET double-balanced mixers (for 
example, the Siliconix U350) and the new ultra-high 
performance DMOS quad rings (such as the Siliconix 
Si8901) have a relatively low but constant input im¬ 
pedance, typically 12 ohms. Thus the 5205 can feed 
an 8901 through a 4:1 broadband balun for broadband 
front-end operation up to a few hundred MHz. This 
example completes a high-performance radio front- 
end concept free of resonant tuned circuits. 

By Robert J. Zavrel, Jr., W7SX, 707 Borello, 
Mountain View, California 94041 
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CI.C2 005,,f miniature ceramic 

Hi 30.4 on ms 

R2.R3 >78.6 ohms 

R4 71.2 ohms (use nearest t«b» metat Him values) 

R5.R6 96.2 ohms 

R7 247.5 ohm s 

RS.R9 St.O ohms 

SJ-S4 C*A 7201 DPD T PC board mount 


fig. 1.35-db step attenuator and gain stage improve intermod performance. 


Table 1. Pi-network resistive attenuator (50 ohms). 

dB Atten 

R1 (ohms) 

R2 (ohms) 

1 

870.0 

5.8 

2 

436.0 

11.6 

3 

292.0 

17.6 

4 

221.0 

23.8 

5 

178.6 

30.4 

6 

150.5 

37.3 

7 

130.7 

44.8 

8 

116.0 

52.8 

9 

105.0 

61.6 

10 

96.2 

71.2 

11 

89.2 

81.6 

12 

83.5 

93.2 

13 

78.8 

106.0 

14 

74.9 

120.3 

15 

71.6 

136.1 

16 

68.8 

153.8 

17 

66.4 

173.4 

18 

64.4 

195.4 

19 

62.6 

220.0 

20 

61.0 

247.5 

21 

59.7 

278.2 

22 

58.6 

312.7 

23 

57.6 

351.9 

24 

56.7 

394.6 

25 

56.0 

443.1 

30 

53.2 

789.7 

35 

51.8 

1405.4 

40 

51.0 

2500.0 

45 

50.5 

4446.0 

50 

50.3 

7905.6 

55 

50.2 

14,058.0 

60 

50.1 

25.000.0 
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< 

< 

J 

cm 
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fig. 2. Pin configuration of Signetics NE5205. 










Some filtering is still required, however. The use of 
upconversion techniques allows installation of a sim¬ 
ple multi-pole 35- or 40-MHz low-pass filter ahead of 
the attenuator for image rejection. Inclusion of a 
broadcast band high-pass filter is also desirable for 
strong AM signal rejection. 

overcoming circuit constraints 

The circuit shown in fig. 1 allows both attenuation 
and amplification. Although using mini-toggle 
switches limits the frequency response to about 350 
MHz, they are easy to mount, inexpensive, and rug¬ 
ged. This circuit is practical for the 160- through 
2-meter bands. 


A few precautions are necessary when using the 
5205. It's usually easy to use if good RF techniques 
(i.e., providing adequate grounding and keeping the 
leads as short as possible) are employed. Care must 
be taken, however, when switching both the input and 
output circuits with a common switch assembly. The 
switch forms a capacitor between the input and out¬ 
put, while the switch leads and circuit board etching 
form a strip inductance. The resulting series LC cir¬ 
cuit in the feedback loop will cause the amplifier to 
oscillate at a VHF or UHF frequency. The circuit 
shown oscillates at about 600 MHz, but the level is 
well below saturation, and the spectrum is very clean 
below 400 MHz. All oscillations can be eliminated by 
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Table 2. T-network resistive attenuator (50 ohms). 


dB Atten 

R1 (ohms) 

R2 (ohms) 

1 

2.9 

433.3 

2 

5.7 

215.2 

3 

8.5 

141.9 

4 

11.3 

104.8 

5 

14.0 

82.2 

6 

16.6 

66.9 

7 

19.0 

55.8 

8 

21.5 

47.3 

9 

23.8 

40.6 

10 

26.0 

35.0 

11 

28.0 

30.6 

12 

30.0 

26.8 

13 

31.7 

23.5 

14 

33.3 

20.8 

15 

35.0 

18.4 

16 

36.3 

16.2 

17 

37.6 

14.4 

18 

38.8 

12.8 

19 

40.0 

11.4 

20 

41.0 

10.0 

21 

41.8 

9.0 

22 

42.6 

8.0 

23 

43.4 

7.1 

24 

44.0 

6.3 

25 

44.7 

5.6 

30 

47.0 

3.2 

35 

48.2 

1.8 

40 

49.0 

1.0 

45 

49.4 

0 56 

50 

49.7 

0.32 

55 

49.8 

0.18 

60 

49.9 

#* rtf 

0.10 



using a miniature ceramic rotary switch configured as 
fig. 4. The goal is to raise the feedback resonant fre¬ 
quency above the gain cut-off point of the 5205. This 
is accomplished by reducing switch capacitance and 
lead inductances. The 5205 can also be left "on" at 
all times, thus eliminating the oscillation problem. 

construction techniques 

The test unit was built on a 1 x 3-inch PC board with 
double-sided ground planes. The PC board can be 
mounted in a die-cast minibox that also holds the in¬ 
put and output sockets (BNC, N, or UHF) and the 
mini-toggle switches. The 5205 is available in standard 
N, surface mount, and TO-46 packages. If the TO-46 
is used, the package should be mounted in a snug hole 
and the case soldered to the ground plane. Miniature 
ceramic input and output capacitors should be sol¬ 
dered directly to the 5205 leads. Good UHF design 
techniques must be employed even if the unit is used 
only at HF. 


good intermod performance 

Attenuation in 5-dB steps was chosen. This is some¬ 
what arbitrary; other steps can be selected. Tables 1 and 
2 are included for convenience. 3 This circuit, shown in 
fig. 1, allows gains of —35 to +20 dB in 5-dB steps, 
which should be adequate for any HF receiver require¬ 
ments. The attenuators should precede the amplifier to 
maximize amplifier linearity. 

The noise figure of the 5205 is less than 6 dB at 100 
MHz for 50-ohm systems, dropping to 4.8 dB at 75 
ohms. The third-order output intercept point is +17 
dBm. This indicates that it will take two signals 33 dB 
above S9 to produce a third-order product at an SI 
level. 4 With only 5 dB of attenuation inserted, two sig¬ 
nals must be 48 dB above S9 to produce an SI level 
third-order intermod. This is indeed a strong front end! 


summary 

This simple project can greatly enhance the utility 
of a step attenuator on the test bench. In a receiver 
front end the NE5205 can eliminate bandpass filters 
while exceeding the intermodulation characteristics of 
many common mixers. Finally, when combined with 
a very strong mixer (such as the Si8901) an entire 
broadband, high-performance receiver system be¬ 
comes possible. 
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BEAM ANTENNA HANDBOOK 
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IRP-BA Softbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
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ALL ABOUT CUBICAL QUAD ANTENNAS 
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THE RADIO AMATEUR ANTENNA HANDBOOK 
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figures, how to site your antenna tor the best performance, a look at the 
Yagi-Quad controversy, baluns, slopers. and delta loops. Practical antenna 
projects that workl 190 pages. ©1978. 1st edition. 
iRP-AH Softbound $7.95 
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a summer miscellany 

Summer's here! Even though the 
sunspot cycle doesn't promise much 
DX, these are the months for antenna 
work. Here are some interesting de¬ 
signs you may want to try. 

7-MHz sloping antenna 

Many Amateurs have had success 
with the delta loop on the lower fre¬ 
quency bands. I've had queries about 
the effect of mounting the loop at an 
angle in order to conserve pole height. 
Does tilting the plane of the loop im¬ 
pede its fine DX record? I didn't know 
the answer to this question, but Kjell, 
SM6CTO, decided to try out the slop¬ 
ing loop shown in fig. 1. He found out 
that it worked very well; while he 
couldn't make a direct comparison 
with a vertical loop, he found it to be 
"a useful DX performer.'' (The anten¬ 
na was described in the September, 
1985, issue of Radio Communication, 
a publication of the Radio Society of 
Great Britain.)* 

broadband 80-meter dipole 

There's been a lot of sound and fury 
about the so-called broadband dipole 
for the 80-meter band (3.5 to 4.0 
MHz). Many designs have been pub¬ 
lished and some of them work. One 
design that does work was recently 
described by Malcolm Johnson, 
VK6LC, in the November, 1985, issue 
of Amateur Radio, published by the 
Wireless Institute of Australia.* The 
layout is shown in fig. 2. 

In brief, it's a cage dipole about 102 
feet long, fed by a matching trans¬ 
former and a 1-to-1 balun. The SWR 
on a 50-ohm transmission line across 
the 3.5- to 3.8- MHz range is less than 

’Walter Schulz, K30QF, "Designing A Vertical Anten¬ 
na/' QST, September, 1978, page 19. 


1.8-to-1, with a minimum SWR of 
1.3-to-1 at the design frequency of 
3.65 MHz. It's ideally suited for use 
with a solid-state transmitter. Less 
than half a wavelength long, the five- 
wire cage exhibits a capacitive reac¬ 
tance at the feedpoint that's trans¬ 
formed by the parallel line transformer 
to become slightly inductive. A shunt 
capacitor at the feedpoint parallel- 
resonates with the inductive reactance 
to aid in improving antenna bandwidth 
response. 

The dipole is erected in inverted-V 
fashion, with the center apex at 36 feet 
above ground. 

Malcolm used a four-way splice con¬ 
nector called a "Queblock" to make 


his insulated spreaders. In any event, 
it seems that a little ingenuity will pro¬ 
duce a spreader that will do the job. 
Six spreaders are required. 

The two-wire transformer is about 
0.08 wavelength long (20.7 feet) and 
has an impedance of 300 ohms. 
VK6LC used a home-made line, but I 
think that 300-ohm ribbon line could be 
used for low-power operation, provid¬ 
ed the velocity facor of the line is tak¬ 
en into account. The shunt capacitor 
can be a high-voltage disc unit or mica 
capacitor of 1 kV or better, for pow¬ 
ers up to several hundred watts. 

In order to obtain an accurate SWR 
profile of the antenna, VK6LC used a 
half-wave long transmission line. 
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fig. 2. The 80-meter cape diode at VK6LC. A 500pF capacitor is placed across at the balun. 
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fig. 3. Variable length Beverage antenna at WB3GCG. Relay selection at operating position permits choice of SOO. 1000 or 2000 foot wire. 
Power to relays runs through coax line. 


The center resonant frequency of 
the antenna can be easily changed by 
adding or subtracting 5 inches of the 
300-ohm line for each 20 kHz of 
desired frequency change. 

Results? Plenty of DX worked, in¬ 
cluding such juicy examples as 
A71AD, ON5YA, YU4EBL, H44IA, 
WA6SLO, HA5XW and others - all 
with 100 watts! That's not bad for any 
antenna on the QRM-filled 80-meter 
band! 

all you need is . . . 

... a bunch of 200-foot towers! I 
just received a letter from Willy, 
WB3GCG, who has changed occupa¬ 
tions and moved to a new QTH. He's 
had some big 160-meter antennas in 
the past and is looking forward to great 


DX days ahead. On 20 acres of land, 
he's erecting three 200-foot high steel 
towers arranged in a triangle, approx¬ 
imately 500 feet apart. The towers will 
support the ends of several Beverage 
antennas, each 2000 feet long. Relays 
will be placed along the Beverage 
wires so the wire can be either 500, 
1000, or 2000 feet long. When he's fin¬ 
ished, Willy will have eight Beverage 
antennas. The feed system for the an¬ 
tennas is as shown in fig. 3. Each wire 
section is terminated in a 9-to-1 trans¬ 
former. Coax lines run to the operat¬ 
ing position; the wire lengths and 
terminating resistors are selected 
through a control box. 

But that isn't all. Willy uses separate 
antennas for transmitting and receiv¬ 
ing. For transmitting, he favors a 


large vertically polarized loop (fig. 4). 
Similar loops are used as directors and 
reflectors. He can switch to horizon¬ 
tal polarization by means of a vacuum 
relay located at the apex of the loop. 

A large number of loops are strung 
on catenary cables between the tow¬ 
ers. Willy aims to have three separate 
160-meter delta loop beams, each con¬ 
sisting of back-to-back four-element 
parasitic arrays with a common driv¬ 
en element (see fig. 5), strung be¬ 
tween the towers! With the use of 
multiple feedlines and vacuum relays, 
each delta beam can be quickly 
reversed in direction. It takes a total of 
seven loops and 3500 feet of No. 14 
four-strand, vinyl-covered wire for one 
beam! 

In closing, Willy remarks that the 
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fig. 4. Vertically polarized delta loop for 160 meters in use at WB3GCG. 



fig. 5. WB3GCG's delta loop consists of seven 500-foot loops of wire, fora total of3500feet. 


delta loop beam really works. All of 
this reminds me of the song, "Will 
everyone here/kindly step to the 
rear/and let a winner lead the way!" 
Good luck, WB3GCG, and may the 
wintry winds be kind to your antennas. 

the "rinky-dink" antenna 
at K6FD 

Yes, that's what Ray, K6FD, calls 
his tuned 40-meter V-doublet (fig. 6 ). 
He uses it on the 30, 40, 80, and 
160-meter bands. The antenna is 
"tuned" from the operating position 
with a T-network. The included angle 
between the legs is about 75 degrees, 
and the wires slope down slightly to¬ 
wards the ground. The antenna is 
decoupled from the feedline with a 
simple 14-turn coil, 3 inches in di¬ 
ameter, of small RG-141/U coax. The 
remainder of the feedline is RG-58/U. 

The simple network allows unity 
SWR to be achieved on all bands. The 
coax feedline is about 100 feet long. 
Ray says that with appropriate coils in 
the network, the system will tune 
through the broadcast band. 

Ray recommends this antenna to 
those operators who would like to try 
80- and 160-meter operation but 
haven't done so because they haven't 
room for large antennas. 

a cheap, top-loaded 

antenna 

for 160 meters 

Arne, K0AS, is lucky in that he has 
a number of tall trees on his property. 
He wanted to work the low end of 160 
meters and found design information 
for a top-loaded vertical antenna in an 
article in an old copy of QST. Follow¬ 
ing that design, he used a 50-foot high 
wire with plenty of top loading. The 
top loading disk, a rectangle in this 
case covering 480 square feet, is made 
of IMo. 10 copperweld wire. An L- 
network is placed at the base of the 
antenna to match it to a 50-ohm coax 
line. Beneath the antenna are 50 radi- 
als, each 125 feet long. A sketch of the 
antenna and the matching network is 
given in fig. 7. The feedpoint resis¬ 
tance of the antenna is about 18 ohms. 

The resonant frequency of the an¬ 


tenna can be raised to about 1850 kHz 
by manipulating the switches in the 
base network. At this frequency, the 
operating bandwidth between the 
2-to-1 SWR points on the feedline is 
about 60 kHz. 

Arne says the antenna is "quite in¬ 
expensive and the results are most 
gratifying." You couldn't ask for much 
more than that. 

another nifty low-band 
antenna 

Bob, K9EVI, wanted an antenna 
that would cover 160, 80, 40, and 30 
meters and fit in his back lot. What to 
do? He had a tower that supported a 


tribander for 20, 15, and 10 meters — 
now he needed an antenna for the low 
bands. 

His solution was to use a center-fed 
dipole, 45 feet on a leg. The antenna 
is slung, in inverted-V fashion, from 
the top of his 45-foot tower. The ends 
are about 15 feet above ground level. 
Bob uses a 600-ohm, open wire feed¬ 
line about 45 feet long that runs down 
to his station and into a simple match¬ 
ing network (fig. 8) for 80- and 
160-meter operation. For the other 
bands, he uses an old Johnson 
"Matchbox" tuner. On 80 and 160 
meters, the antenna feeders are tied 
together and the system works as a 
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top-loaded vertical antenna, with the 
feeders doing the major portion of 
radiation. 


the first radio handbook 

The Wireless Experimenter 


proclaimed it “the publishing event of 
the year." Experimenters in the Unit¬ 
ed States and Canada bought out the 
first edition even before it was on the 
presses. And the General Electric 
Company bought 500 copies sight- 
unseen. 

Starting with Marconi's famous ex¬ 
periments at the turn of the century, 
the advance of wireless (i.e. ; radio) 
rushed ahead in Europe. Following in 
the footsteps of Marconi, experi¬ 
menters and engineers in Germany 
quickly advanced the radio art. But 
very little of this advanced knowledge 
crossed the Atlantic to the United 
States. Hearsay, letters, and months- 
old magazines were the only sources 
of information available to experi¬ 
menters and Radio Amateurs in the 
United States. 

There were, however, rumors of a 
wonderful handbook, written in Ger¬ 
man, entitled Lehrbuch fur Dratlose 
Te/egraphie (Textbook for Wireless 
Telegraphy). A few copies could be 
found in college libraries, but the in¬ 
formation was obviously accessible 
only to those who had a good com¬ 
mand of technical German. 

The 1912 version of the book — 
written in 1905, published in Braunsch¬ 
weig in 1908, and revised in 1912 — 
was translated by A.E. Seelig of Wells- 
ville. New York, and published by 
McGraw-Hill in the fall of 1915. And 
what a wonderful book it was! Writ¬ 
ten by Professor Jonathan Zenneck of 
the Technical High School of Danzig, 
the 440-page hardbound book clearly 
defined and explained the wonderful 
world of wireless. The book bristled 
with photographs of arc and spark 
transmitters and various types of crys¬ 
tal, carborundum, magnetic, and di¬ 
ode receivers. Much attention was 
given to antenna design and installa¬ 
tion. Long-range propagation via the 
ionosphere was discussed along with 
gray-line propagation at sunrise and 
sunset. 

Interestingly, comprehensive data 
was provided on voice transmission 
using an arc transmitter, a technique 
seemingly known to only a handful of 
experimenters. 
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This beautifully illustrated book, 
printed on cream-colored heavy paper, 
made Professor Zenneck an instant 
celebrity in the United States. 

the doctor is interned 

Shortly before World War 1, Dr. 
Zenneck came to the United States. 
Welcomed with a dinner at the Insti¬ 
tute of Radio Engineers in New York, 
he visited many radio laboratories, as 


well as the German-owned radio sta¬ 
tion at Sayville, New York. 

On July 6, 1917 the wireless world 
was stunned by a headline in the New 
York Times: ARREST GERMAN 
RADIO EXPERT AND TAKE HIM TO 
ELLIS ISLAND. The Department of 
Justice had determined that Dr. Zen¬ 
neck was "one of the most dangerous 
German subjects in this country," and 
claimed that he had participated in 
"the memorable German drive through 


Belgium" and had later "falsified his 
passports" to gain admission to the 
United States (fig. 9). 

Were these accusations true? No 
matter. Dr. Zenneck was interned at 
Ellis Island for the duration of the war. 
Released at the end of the war, he 
reportedly enjoyed a reunion dinner 
with his colleagues at the Institute of 
Radio Engineers, but thereafter disap¬ 
peared from history. 

By that time the glamour of "Zen¬ 
neck" had faded. Great strides in ra¬ 
dio communication had been made 
during the war period and the vacuum 
tube was supplanting the spark, the 
arc, and the crystal detector. 
DeForest's audion, which originally 
rated a half-page in "Zenneck," was 
now supreme and large portions of the 
first Radio Handbook were swept into 
the dustbin of history. 

"Zenneck"today 

Looking at yesterday through the 
eyes of today is an instructive exper¬ 
ience. Zenneck had a firm grasp of the 
basic principles of wireless. Much of 
his book is fundamentally correct and 
the work stands as a monument to the 
author and the many prominent scien¬ 
tists who assisted him. Copies of the 
first edition of Wireless Telegraphy 
(1915) are very rare and hard to locate. 
(I found mine in a second-hand book¬ 
store.) It is prudent for connoisseurs 
of the radio art to be alert for a copy 
of this work because it represents the 
very foundation of radio handbooks 
today. 

A belated — and much-deserved — 
congratulations to Professor Jonathan 
Zenneck for a job well done! 

2-meter EME directory 

The 16-page directory of active 
2-meter "moonbounce" stations 
worldwide, listing each station's name, 
QTH, and equipment used, has been 
reprinted. For a copy, write to me at 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. Enclose five 
first-class stamps (or five IRCs) for 
postage. 

ham radio 



ARREST GERMAN RADIO EXPERT 
AND TAKE HIM TO ELLIS ISLAND 


Professor Zenneck Is to Be In¬ 
terned During War By Order 
From Washington. 

By the United Pr**. 

Trenton, N. J., July 6.—Acting un¬ 
der special orders from the Depart¬ 
ment of Justice at Washington, 
United State Deputy Marshal Lin¬ 
ford Denny, of this city, late last 
night placed Prof. Jonathan Zenneck, 
German radio expert, under arrest 
and took him to Kills Island, where 
he will be interned for the duration 
of the war. 


The Department of Justice is said 
to look upon Professor Zenneck as 
one of the most dangerous German 
subjects In this country. Germany 
looks upon him as one of her most 
skilled wireless telegraph experts, 
and he came to this country espe¬ 
cially to direct German wireless ac¬ 
tivities. For a long time he was in 
charge of the German radio station 
at Sayville. Of late he has been liv¬ 
ing at Boonton, at which point he 
was arrested by Deputy Denny. 

Before coming to America Professor 
Zenneck served in the German Army 
in an official capacity. He partici¬ 
pated in the memorable German drive 
through Belgium and later by falsify¬ 
ing his passports gained admission 
to the United States. 


fig. 9. The New York Times reported arrestand detention of Professor Zenneck. 
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extending receive coverage 

for the IC-02 and IC-04 


Simple, reversible 
modifications 
let you monitor 
public service 
frequencies 

The ICOM IC-02 (2 meters) and IC-04 (70 cm) 
handhelds are a natural step up from the earlier IC-2 
and IC-4. Microprocessor controlled, these newer 
models feature a liquid crystal display, an S-meter, a 
built-in CTCSS (continuous tone-coded squelch sys¬ 
tem), and scanning capability, all in a water-resistant 
package that accepts accessories designed for the IC-2 
series. 

The United States version of the IC-02 transceives 
from 140 to 149.995 MHz; the IC-04 will transceive on 
the upper 10 MHz of the 70-cm band from 440 to 
449.995 MHz. With the simple modifications described 
in this article, the IC-02 can be adapted to receive from 
140 to approximately 163 MHz; the IC-04 can be modi¬ 
fied to receive up to about 465 MHz. Transmit capa¬ 
bility is unaffected, and any frequency entered will be 
properly stored in memory. Because this isn't a per¬ 
manent modification, each rig can easily be returned 
to its original state. 

Extending the receive capability of either unit will 
let you listen to the public service frequencies (police, 
fire, and radiotelephone, for example) located just 
above the 2-meter and 70-cm bands. Modifying the 
IC-02 also permits reception of National Weather Serv¬ 
ice broadcasts at 162.40, 162.475, or 162.55 MHz in 
most metropolitan areas. Receive sensitivity for fre¬ 
quencies this far removed from the 2-meter band is 
reduced, but should be adequate for most applica¬ 
tions. 


the microprocessor 

The IC-02 and the IC-04 are each controlled by a 
Hitachi HD44795 80-pin microprocessor which oper¬ 
ates the display, keyboard, and frequency synthesizer. 
The processor operating environment is determined 
by an initialization matrix (figs. 1 and 2) consisting of 
four output and four input lines connected to each 
other in a specific pattern with isolating diodes. This 
pattern determines processor reset frequency, upper 
and lower band limits, step size, method of frequency 
entry from the keyboard, and other functions. The 
modification procedure described here changes the 
initialization matrix to remove the receive frequency 
limits as determined by the microprocessor. Receiver 
coverage, however, is still limited by the tuning range 
of the synthesizer VCO and by receiver sensitivity. 

disassembling the units 

Before you start, make sure you have a soldering 
iron with a very fine tip; you'll be working with 
extremely small components. [If you've never worked 
with such small components, in such tightly confined 
space, you may want to practice first. — Ed. 1 

Begin by disassembling the battery pack and 
antenna from the transceiver. Then remove the bat¬ 
tery mounting plate and locking lever assembly. 
Unfasten the five screws holding the metal back cover 
to the rig and take off the cover, using care not to 
damage the "O" rings that seal the back cover to the 
rest of the case. (On the IC-04 only: remove the large 
metal shield covering the PLL circuitry.) Now sepa¬ 
rate the chassis and top section and place them next 
to the front case; note the ribbon cable connecting 
the chassis to the front section. Undo the two screws 
on the DTMF/CTCSS board and set the board off to 
the other side of the front case (02AT/04AT only). The 
unit is now ready for modification. 

By Robert K. Morrow, Jr., WB6GTM, RR 1, 

Box 6F, Flora, Indiana 46929 
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initialization matrix 

The microprocessor board is identical in the IC-02 
and 1C-04 except for the diodes attached to the initiali¬ 
zation matrix area located at the top left corner of the 
board (fig. 3). We'll be working with the portion of 
the matrix connecting microprocessor lines R10-R13 
to R20 and R21. 

ICOM uses very small three-pin chip diodes — type 
A3, D3, or E3 (indicated on the diode itself) — to pro- 
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fig.1. Initialization matrix tor the factory IC-02. Removing 
D402, which is a type D3 located at position D2 in fig. 3, will 
remove the upper receive frequency limit of the rig. 
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Fig. 3. Initialization diodes can be located at positions D1-D4, 
which are found at the top left corner of the microprocessor cir¬ 
cuit board. The factory diodes are surface mounted on the tri¬ 
angular pads at D2and D3 for the IC-02, and at D1 and D2 for the 
IC-04. The IC-02 is modified by simply removing the diode at 
position D2.To modify the IC-04. remove the diode at position 
D2 and replace it with a 1N914-type connected from the top pad 
(anode) to the lower right pad (cathodel. 
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fig. 4. These chip diodes are used to initialize the 
microprocessor on the IC-02/04. Type A3. D3. E3, or no 
diode at all will be found at various points in the initializa¬ 
tion matrix. 



fig. 5. The IC-02 is shown completely reassembled except for 
the back panel. Tire lest clip is connected tu the VCO test 
point, which is the only vertically mounted resistor in the area 
with a bare upper lead. The arrow on the VCO shield points 
to the coil which should be adjusted for 0.75 VDC at the test 
point. 
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gram the initialization matrix; in this way component 
count and size are minimized (fig. 4). Do not confuse 
diode types with their locations, (D1, D2, D3, D4) 
printed directly on the microprocessor circuit board. 
These locations are labeled D401, D402, D403, and 
D404 on the ICOM schematic, but only for the diodes 
which are actually present. 

IC-02 modification 

The IC-02 is factory-wired with a type D3 diode at 
position D2 and a type E3 diode at position D3. The 
diode at position D2 restricts the receiver to the 140- 
151.995 MHz range. Remove this diode with care. 

Now reassemble the IC-02, but leave the back cover 
off. Connect a high-impedance voltmeter to the VCO 
test point shown in fig. 5, attach the battery pack, 
and turn on the rig. Select 144.0 MHz from the key¬ 
board.* 

Adjust the coil in the VCO shield (lower hole) for 
a reading of 0.75 VDC. Be sure to use a properly fit¬ 
ting plastic alignment tool (or try whittling down a 
standard one with a razor blade). This alignment 
procedure maximizes the receive frequency range by 
setting the VCO near its lower voltage limit at the 
lowest transceive frequency desired. The receiver will 
now operate from slightly below 140 MHz to slightly 
above 163 MHz, and the transmitter will generate a 
clean signal throughout the 2-meter band. Figure 6 
shows receiver sensitivity for the entire VCO range. 
Now reinstall the back cover. 

IC-04 modification 

The IC-04 is factory-wired with a type E3 diode at 
position D1 and a type A3 diode at position D2. Care¬ 
fully remove the diode at position D2 and replace it 
with a lN914-type silicon diode connected from the 
top pad at D2 (anode) to the bottom right pad at D2 
(cathode). This removes the receive limit portion of 
the matrix but still initializes the processor at 440 MHz. 



fig. 7. The IC-04 is shown completely reassembled except for 
the back panel and shield, and the metal tape has been 
removed from the VCO can. The test clip is connected to the 
VCO test point which, like the IC-02. is the only vertically 
mounted resistor in the area with a bare upper lead. The arrow 
on the VCO shield points to the variable capacitor which 
should be adjusted for 0.25 VDC at the test point. 



Now reassemble the IC-04 except for the installa¬ 
tion of the PLL shield and back cover. Carefully peel 
away the metal tape covering the VCO shield. Con¬ 
nect a high-impedance voltmeter to the VCO test point 
shown in fig. 7. Attach battery pack, turn on the rig, and 
select 440.0 MHz from the keyboard. * * 

Adjust the capacitor through the lower right hole 
in the VCO shield for a reading of 0.25 VDC. This sets 
the VCO at its lower limit to maximize receiver cover- 

•This modification is for unite with serial numbers betow 34,000. Units with serial 
numbers above 34,000 have a new CPU with different programming; diode 
matrix is also different. Ed. 

• ‘If the display should power-up in the wrong 10-MHz band segment, follow 
the procedure under “operation** to put the rig in the proper 10 MHz segment, 
of press reset button on main chassis. 
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Join AMSAT...Today 

Amateur Radio Satellite OSCAR 10 
provides: 

• A New Worldwide DX Ham Band 

open 10 hours a day. 

• Rag Chew With Rare DX Stations 

in an uncrowded, gentlemanly fashion. 

• Popular Modes In Use; 

SSB, CW, RTTY, SSTV, Packet 

• Full Operating Privileges 

open to Technician Class 
licensee or higher. 


age above the 70-cm band. Note that this voltage is 
lower than the voltage for the IC-02; this is because 
of a smaller negative VCO shift in the IC-04 when 
transmitting. The IC-04 receiver will now operate from 
slightly below 440 MHz to slightly above 466 MHz, and 
the transmitter will operate cleanly throughout the 
upper half of the 70-cm band. (Figure 8 shows 
receiver sensitivity for the entire VCO range.) Now 
reinstall the VCO metal tape, PLL shield, and back 
cover. 

operation 

With the modification completed, normal trans¬ 
mit/receive capability of the IC-02 and IC-04 is 
unaffected. Within a particular 10-MHz band segment, 
the frequency may be selected by direct keyboard 
entry or by using the step-up or step-down keys. To 
change to a different 10-MHz segment, use the step- 
up or step-down keys after entering the highest or 
lowest frequency within the present band segment. 
Any frequency entered will store properly in memory. 
If you select a receive frequency outside the VCO limits 
the PLL will unlock; no indication of this condition will 
be given on the display. However, if you push the 
transmit switch with an unlocked PLL, the display will 
blink. 


Other AMSAT Membership Benefits: 

Newsletter Subscription: 

Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 

Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
, Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out¬ 
side North America. VISA and MC accepted. 


AMSAT 
P.O. Box 27 
Washington, DC 20044 

301 589-6062 
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conclusion 

This simple modification increases the versatility of 
the IC-02/04 without affecting normal operation. 

Incidentally, the display and microprocessor will 
support initialization to the 23-cm (1260-1300 MHz) 
band. Is this an indication of things to come? 

I'll be happy to answer any questions; please 
enclose an SASE for a prompt reply. 

ham radio 


BRAND NEW!! JUST RELEASED!! 


“ THE RADIO AMATEUR'S 

MICROWAVE 

COMMUNICATIONS 

HANDBOOK 

DiWE INGHAM, K1T1«| 



The Radio Amateur’s 
MICROWAVE 
COMMUNICATIONS 
Handbook 

by Dave Ingram, K4TWJ 


Explore the world of 
Microwave communication! 

One of Amateur Radio’s last fron¬ 
tiers is the microwave region. This 
book is the first available to give 
this ever expanding area of Ama- 
teurcommunicationsunique treat¬ 
ment. Areas covered include: com¬ 
munications equipment for 1.2,2.3 
and 10 GHz, networking and data 
packeting concepts with special at¬ 
tention to 24 GHz systems, design 
parameters, rf and environmental 
considerations and system design 
suggestions for future growth and 
modification, projects and much 
more. You also get information on 
TVRO and M DS systems with sug¬ 
gestions and ideas on how to build 
your own, © 1985 184 pages 1st 
Edition. 

□ T-1594 Softbound SI2.95 

Please add $3.50 lor shipping and handling 

Ham Radio’s Bookstore 

Greenville. NH 03048 







VHFAJHF WORLD 


microwave and 
millimeter-wave 
propagation: 
part 1 

Summer is traditionally the time 
when Amateurs take to the higher 
bands (and to the hills) for mountain¬ 
topping; the weather is agreeable, and 
the pioneering spirit is spurred on by 
several major VHF/UHF contests. 

Regardless of season, the frequen¬ 
cies above 900 MHz are still the region 
of exploration and discovery. This is 
true because, in comparison with the 
HF/VHF frequencies, so little Amateur 
work has been conducted there. Until 
recently, equipment was scarce and 
anyone interested in exploring micro- 
wave frequencies had to "roll their 
own" equipment. 

But this is is changing rapidly. Com¬ 
mercial gear is now available through 
13 cm (2320 MHz), as are Amateur 
Gunnplexers for the 3-cm (10-GHz) 
and 12.5-mm (24-GHz) bands.' One 
equipment manufacturer is rumored to 
have 3-cm weak signal gear almost 
ready for market! 

Although much has been written on 
VHF and UHF propagation, informa¬ 
tion on microwave and millimeter 
propagation is scattered hither and 
yon. 23 With all the interest in the 
microwave bands, the addition of our 
newest band at 33 cm (902-928 MHz) 4 
and the increased availability of micro- 
wave gear, this seems like a good time 
to start pushing these bands and 
promoting propagation research. 

our microwave bands 

Before we can talk about our micro¬ 


wave and millimeter bands we have to 
know what frequencies are available. 
I guess it's fair to say that — in Ama¬ 
teur terminology — the frequencies 
between 900 and 10,500 MHz are 
probably best referred to as the micro- 
wave bands while the Amateur fre¬ 
quencies above 10.5 GHz are really in 
the millimeter territory. 

The major worldwide Amateur fre¬ 
quency allocations on and above 33 
cm were listed in last January's 
column. 5 Since that time, the FCC has 
implemented the WARC '79 frequen¬ 
cies and changed the United States 
frequency allocations significantly. 
Therefore, I've updated last winter's 
list, (table 1), to show the latest USA 
frequency allocations. (I don't have 
any post-WARC '79 worldwide fre¬ 
quency allocation lists to compare it to 
at this time; I'd appreciate it if readers 
would share some with me.) 

challenges 

Once microwave and millimeter gear 
is constructed or purchased, there's al¬ 
ways the question of what to do with 
it. Obviously it can be used in a varie¬ 
ty of ways such as communications 
links, ATV, repeaters, or beacons. 
However, the real challenge is to see 
what performance can be attained 
primarily by DXing. This will truly ex¬ 
ercise power, receiver sensitivity, and 
antenna gain to their fullest. 

To show the whole perspective of 
the possibilities of DX on the micro- 
wave and millimeter bands. I've updat¬ 
ed the records first shown here in last 
July's column. 3 Tables 2 and 3 show 
the worldwide claimed DX records for 
terrestrial and EME operation. Note 


that the 13-cm band is still the upper 
frequency for a completed EME QSO. 

In keeping with the spirit of region¬ 
al DX, the North American DX records 
have also been updated in table 4. 
You'll note that since these records 
were first published, several have been 
broken. 

Because the 33-cm band didn't even 
exist last summer, the DX record on 
that band can't begin to compare with 
the adjacent bands. I expect this, too, 
will rapidly change. Nevertheless, it 
offers a big challenge to see what kind 
of propagation is in store. 

Amateur 33-cm gear is already com¬ 
mercially available, though it's primar¬ 
ily limited to the FM citizens-band 
type. Information on homebrew gear 
was recently published in this column 4 ; 
commercial weak-signal gear is, as I in¬ 
dicated above, reportedly just around 
the corner. Because of the 33-cm 
band's proximity to the land mobile 
communications band, suitable com¬ 
ponents — especially high-power 
transmitting tubes — should become 
available; far more equipment, certain¬ 
ly, than can be expected to be avail¬ 
able for the 23-cm band. 

microwave and millimeter 
tradeoffs 

These bands offer many advantages 
over the VHF/UHF bands. First, 
there's over 13,000 Megahertz — not 
counting the unlimited territory above 
300 GHz. This is more than 275 times 
the bandwidth of all of the dozen 
lower-frequency bands combined! 
How long do you think it will be be¬ 
fore microwave and millimeter wave 
QRM will be a problem? 

These bands have very little noise 


82 M July 1988 




and static. Except for a small poten¬ 
tial for VCRI around 915 MHz, TVI and 
RFI are virtually nonexistent. Very 
compact antennas are the norm, with 
a 1-meter diameter dish considered a 
moderate to large antenna, especially 
on 3 cm and above. 

Loop Yagis are often used on the 
lower microwave bands. Parabolic 
dishes are the most common antenna 
type as the frequency increases be¬ 
cause they're usually inexpensive, easy 
to feed, low in noise pickup, and have 
high gain. 67 As a result, QRP opera¬ 
tion (often much less than 1 watt) can 
be very productive. 


There are a few disadvantages, 
however, to operating on the micro- 
wave and millimeter wave bands. The 
higher antenna gain makes precise aim 
a serious concern. For example, a 
1-meter parabolic dish antenna at 12 
mm (24 GHz) has a 45-dBi gain and a 
beamwidth of only 1 degree! 

Other problems are associated with 
operating above the UHF bands. Solid- 
state RF power generation is in the 
early developmental stages. Feedline 
losses are considerable, propagation 
modes are somewhat limited, and foli¬ 
age attenuation and water vapor can 
also present difficulties. 


There is hope, however. Solid-state 
RF power is rapidly increasing, with 
power GaAs FETs (up to several watts) 
now in commercial production. Short 
feedlines are the norm, with transmit¬ 
ters and receivers often mounted right 
at or only a short distance away from 
the antenna feed. And many of the ap¬ 
parent propagation problems can be 
solved, as we'll see shortly. 

microwave propagation 

The types of propagation modes 
available on the microwave and mil¬ 
limeter wave bands are more limited 
than on the VHF/UHF bands. Some 
of the lower- frequency propagation 
modes such as meteor scatter, sporad¬ 
ic E, F2, TE, and FAI, for example, are 
not usable. 23 Other exciting scatter 
propagation modes are available, how¬ 
ever, that may be either poor or sim¬ 
ply not feasible on the VHF/UHF 
bands. 

The most common microwave prop¬ 
agation modes are line-of-sight (LOS), 
tropospheric bending, tropospheric 
ducting, and EME. Less used but read¬ 
ily accessible are various scatter modes 
using the troposphere, weather-related 
phenomena such as lightning and rain 
scatter, aurora, and both man-made 
and natural objects. 

Because describing the various 
microwave and millimeter wave propa¬ 
gation modes and how they can best 
be exploited would take considerable 
space, only LOS microwave and mil¬ 
limeter-wave propagation will be dis¬ 
cussed this month. The other modes 
will be discussed in detail in next 
month's column. 

line-of-sight propagation 

The most common mode of propa¬ 
gation on the microwave and mil¬ 
limeter wave frequencies is probably 
LOS, for apparently obvious reasons. 
If two stations' antennas can see each 
other without intermediate obstruc¬ 
tions, it is assumed that communica¬ 
tion is possible. 

This does, however, assume sever¬ 
al things. First, there must be sufficient 
transmitter power and receiver sensi¬ 
tivity for communication to take place. 


Table 1 : This table lists the latest USA frequency allocations for Amateur microwave 
and millimeter wave bands. Many of the listings were recently changed, as indicated 
in the notes. 


Band 

Frequencies 

Notes 

33 cm 

902-928 MHz 

Restrictions in CO, WY, White Sands, NM & 
Region III areas. Available as of Sept. 28, 1985. 

23 cm 

1240-1300 MHz 

1215-1240 MHz removed on March 1, 1986. 

13 cm 

2300-2310, 

2390-2450 MHz 

2310-2390 MHz removed on November 6, 1984. 

9 cm 

3300-3500 MHz 


6 cm 

5650-5925 MHz 


3 cm 

10-10.5 GHz 


12 mm 

24-24.25 GHz 


6 mm 

47-47.2 GHz 

48-50 GHz removed on March 1, 1986. 

4 mm 

76-81 GHz 

71-75.5 GHz removed on March 1, 1986. 

3 mm 

119.98-120.02 GHz 

New assignment on March 1, 1986. 

2 mm 

142-149 GHz 

165-170 GHz removed on March 1, 1986. 

1 mm 

300 GHz & up 

240-250 GHz removed on March 1, 1986. 


Table 2: This table shows the latest claimed worldwide microwave and millimeter wave 
terrestrial DX records. 


Frequency 

Record Holder 

Date of QSO 

Prop. Mode 

DX Miles(km) 

903 MHz 

AF1T-WB1FKF 

1-13 86 

Tropo 

53(85) 

1296 MHz 

KH6HME-N6CA 

6-24-86 

Tropo duct 

2472(39771 

2.3 GHz 

VK5QR VK6WG/P 

2-17-78 

Tropo duct 

1170(18831 

3 4 GHz 

VK5QR-VK6WG 

1 25-86 

ducting 

1171(1884) 

5.7 GHz 

G3ZEZ SM6HYG 

7-12-83 

ducting 

610(981) 

10 GHz 

I0SNY/EA9- 

I0YLI/IE9 

7-08-83 

ducting 

1032(1660) 

24 GHz 

I3SOY/3, 

IW3EHQ/3- 

14BER/6, 

I4CHY/6 

4-25-83 

LOS 

180(2891 

47 GHz 

HB9AMH/P- 

HB9MIN/P 

6-11-84 

LOS 

33(53) 

474 THz 

K6MEP-WA6EJO 

6-09-79 

LOS 

15124) 
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Table 3: This table shows the latest claimed worldwide microwave EME DX records. 


Frequency 

Record Holder 

Date of QSO 

Prop. Mode 

DX Miles(km) 

903 MHz 

None reported. 




1296 MHz 

PA0SSB-ZL3AAD 

6-13-83 

EME 

11595(18656) 

2304 MHz 

PA0SSB-W6YFK 

4-05-81 

EME 

5491 (8836) 

3300 MHz 
and above 

none reported. 





Table 4: This table shows the latest claimed North American microwave and millimeter 
wave DX records listed by suspected propagation modes. Note that most of these 
records are far short of the worldwide claims and therefore offer a great challenge 
to North American Amateurs. (Note: the records are listed alphabetically by propaga¬ 
tion mode. Where the path is mostly over water, ducting is suspected. No efforts are 
made to separate out ducting on overland paths, so it's grouped under tropo.) 


Frequency 

Record Holder 

Date 

Prop.Mode 

DX Miles(km) 

903 MHz 

AF1T.WB1FKF 

1-13-86 

Tropo 

53 

(85) 

1296 MHz 

KH6HME-N6CA 

6-24-84 

Ducting 

2472 

(3977) 


K2UYH-VK5MC 

12-06-81 

EME 

10.562(16,995) 


W4WSR-WA5TKU 

6-03-85 

Tropo 

1112 

(1790) 

2.3 GHz 

PA0SSB-W6YFK 

4-05-81 

EME 

5491 

(8836) 


W40DW-WB5LUA 

2 20-86 

Tropo 

624 

(1003) 

3.4 GHz 

K6HIJ/6-W6IFE/6 

6-18-70 

LOS 

214 

(344) 

5.6 GHz 

K5FUD-K5PJR 

9 20-77 

Tropo 

267 

(430) 

10 GHz 

WA4GHK/4-WD4NGG 

8-07-84 

Ducting 

297 

(478) 


W7JIP/7-W7LHL/7 

7-31 60 

LOS 

265 

(426) 

24 GHz 

KX0O/0, W0MXY/0- 
NK0P/0, WA0VSL/0 

8-24-85 

LOS 

74 

(119) 

48 GHz 

50-300 GHz 

W2SZ/1-WA2AAU/1 
None reported. 

9-08-84 

LOS 

0.3 

(0.5) 

474 THz 

K6MEP-WA6EJ0 

6-09-79 

LOS 

15 

(24) 


Second, the gain of the antenna at 
both ends of the path must be suffi¬ 
cient. And third, the weather must be 
cooperative. (More on this next 
month.) 

But what is sufficient power, sensi¬ 
tivity, and antenna gain? These 
parameters are all interrelated. If suffi¬ 
cient RF power — say 100 to 1500 
watts — is available, the effective radi¬ 
ated power, even from a low-gain an¬ 
tenna (less than 10 dBi) will be high. 

Conversely, if transmitter power is 
low, even in the milliwatt range, com¬ 
munication is also possible, providing 
that the gain of the antennas at both 
ends of the path is sufficient and that 
the receiver has sufficient sensitivity. 
These tradeoffs will be addressed in a 
future column. This month's column 
will be limited to a discussion of “path 
loss," the apparent number of dBs of 
attenuation that a transmitted signal 
will incur between two isotropic anten¬ 
nas. This is the standard method used 
in the communications industry to de¬ 
termine whether there will be a high 
probability that communciations is 
possible between two stations. 

path loss 

What is path loss and how is it 
determined? We all know that as you 
go higher in frequency, losses become 
more critical. We also hear that the 
path losses increase. Yet at the same 
time, we hear about tremendous DX 
accomplishments on the microwave 
frequencies, using low power and rela¬ 
tively small antennas. How can this 
be? 

The main reason for this is the 
"wavelength factor." As you go higher 
in frequency, the size of a half¬ 
wavelength dipole antenna becomes 
smaller. Therefore its "capture area" 
becomes smaller 8 and it consequently 
picks up less RF. For example, the "ef¬ 
fective aperture" of a half-wavelength 
dipole is approximately 0.75 by 0.25 
wavelengths. 8 At 33 cm this represents 
a capture area of about 32 square 
inches (0.21 square meters). However, 
at 3 cm (10 GHz) the effective aperture 
is still 0.1875 square wavelengths, 8 but 
because of the shorter wavelength, the 


capture area is reduced toO.2612 square 
inches (0.00017 square meters), a 
reduction of over 120 times. 

It's said that the answer to this 
dilemma is simple: just increase the 
capture area of the antenna commen- 
surately and you'll gain back what you 
lost because of the wavelength factor. 
This is only partially true. Antenna gain 
is usually a two-way street, receiving 
and transmitting (if the same antenna 
is used for both). Hence, if the anten¬ 
na size is increased to offset the cap¬ 
ture area loss, you gain considerable 
advantage, depending on frequency. 

Herein lies the secret of successful 
use of low power on the microwave 
and millimeter frequencies. If the an¬ 
tenna gains is increased sufficiently, 
the overall signal-to-noise ratio can 
actually increase for the same trans¬ 
mitter power and receiver sensitivity. 

How is the path loss determined? 


There are straightforward formulas for 
this. The most common one is: 

Path loss-37.6 + 20logF+ 20logR (eq 1) 

where path loss is in dB referenced to 
an isotropic radiator (2.15 dB less gain 
than a dipole), F is frequency in MHz, 
and R is range in miles. 

If you prefer to work in kilometers, 
the formula can be modified as fol¬ 
lows: 

Path loss = 33.6 + 20 logF+20 log R (eq 2) 

where path loss is in dB referenced to 
an isotropic radiator, F is frequency in 
MHz, and R is range in kilometers. 

For example, the path loss for 10 
miles is approximately 116.7 dB at 903 
MHz and 137.6 dB at 10 GHz. If the 
range is increased to 20 miles, the path 
loss is 122.7 and 143.6 dB, respective¬ 
ly. You'll note that every time the fre- 
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quency or range is doubled, the path 
loss increases by 6 dB. 

Calculations of path loss are often 
computer-aided. 9 For those not so in¬ 
clined, I've prepared fig. 1, which 
shows at a glance the path loss on 
each of the microwave and lower mil¬ 
limeter Amateur bands. 

summary 

This month's column served as an 
introduction to radio propagation on 
the microwave and millimeter wave 
Amateur bands. FCC frequency allo¬ 
cations and DX records were also 
shown. The latter will quickly reveal 
the challenges available to the adven¬ 
turesome Amateur. 

Time and space allowed us to inves¬ 
tigate only line-of-sight propagation, 
presently the most common use of 
these bands. Next month's column will 
explore the other modes of propaga¬ 
tion, with particular emphasis on those 
useful for DXing, A review of refer¬ 
ences 2 and 3 is strongly recom¬ 
mended. 


references 

1. Joe Reisert, W1JR, "VHF/UHF World: VHF/UHF 
Exciters,” ham radio, April, 1984, page 84. 

2. Joe Reisen, W1JR, "VHF/UHF World: The 
VHF/UHF Primer — An Introduction to Propagation," 
ham radio, July, 1984, page 14. 

3. Joe Reisert, W1JR, "VHF/UHF World; Propagation 
Update,'' ham radio, July, 1985, page 86. 

4. Joe Reisert, W1JR, "VHF/UHF World: 33 cm — 
Our Newest Band," ham radio, April, 1986, page 83. 

5. Joe Reisert, W1JR, "VHF/UHF World: Amateur 
Microwave Bands," ham radio, January, 1986, page 
44. 

6. Joe Reisert, W1JR, "VHF/UHF World: Reflector 
Antennas - Part 1," ham radio, February, 1986, page 
51. 

7. Joe Reisert, W1JR, "VHF/UHF World: Reflector 
Antennas — Part 2," ham radio, March, 1986, page 68. 


Important VHF/UHF Events 


July 2: 

July 18-20: 
July 19: 
July 20: 

July 25-27: 


July 29: 


±2 weeks. Look for European 
openings on 6 meters. 

CQ VHF WPX contest. 

EME perigee 

Look for 2-meter sporadic E 
±2 weeks of this date. 

Central States VHF Confer¬ 
ence, St. Louis, MO fcontact 
N0/SI. 

Predicted peak of the Delta 
Aquarids meteor shower at 
0930 UTC 


August 2-3. ARRL UHF Contest. 


August 12: Predicted peak of the Perseids 

meteor shower at 0700 UTC. 
August 16: EME perigee 

August 28-31 : Microwave Update 1986 Con¬ 
ference, Estes Park, CO !con¬ 
tact W0PW). 

ham radio 


short circuits 

meteor shower program 

In a footnote to WIJR's June 
column, "VHF/UHF World: Meteor 
Scatter Communications" (page 68), 
the address of Gary Field, WA1GRC, 
was shown incorrectly. Gary's correct 
address is 5 Fluff Avenue, North Read¬ 
ing, Massachusetts 01864. 

solving transmission 
line problems on the 
C-64 

Gary Myers, K9CZB, author of 
"Solving Transmission Line Problems 
on the Commodore 64" (May, 1986, 
page 74), recently learned that some 
of the older C64s have an operating 
system that doesn't poke the graphic 
symbol in lines 180-240 properly. On 
these machines, the arrow symbol is 
generated in the same color as the 
background, thus rendering it invisible. 
This won't affect the program's oper¬ 
ation, but there will be no visual con¬ 
firmation that the desired key was 
pressed. 

Gary reports that WB9PGO has de¬ 
vised a program modification that will 
make the symbol visible on these 
machines. Those who don't see the 
graphic arrow after selecting the trans¬ 
mission line type should change line 
20 to read as follows: 

20 

POKE53281,14:PRINTCHR$(147): 

POKE53281,6 

and change the last statement in line 
670, which currently reads GOTO70, 
to GOTO20. 

credit where it's due 

Credit lines were inadvertently omit¬ 
ted from the art in Walter Kunde's 
June article, "Direct Currents Reduce 
Core Permeability" (page 58). All 
figures appeared courtesy of Magnet¬ 
ics, Inc., P.O. Box 391, Butler, Penn¬ 
sylvania 16003. 
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a tone burst generator 

for European repeaters 


Use 7168 kHz crystals, 
divided down output 
for 1750 Hz output 


Before a recent trip to Europe, I received licenses 
to operate and decided to take my ICOM 2AT along 
with me. While searching through Radio Communi¬ 
cation and other journals to find information on repeat¬ 
ers, I noticed that most European repeaters must be 
brought up with a 1750 Hz tone. Obviously my 2AT 
could not do this. 

Looking through the ads, I noticed that ICOM makes 
a European version of the 2AT called the ICOM 2E. 
Besides offering coverage from 144 to 145 MHz only, 
this model appeared to employ either a switch- 
operated 1750 Hz tone or a 1750 burst at the begin¬ 
ning of each transmission. A phone call to ICOM con¬ 
firmed this. I considered converting my 2AT to a 2E 
... but the touchtone pad on the 2AT is located where 
the burst components would have to be and uses 
several tracks on the circuit board for different func¬ 
tions. In addition, the tone switch on the 2AT is a 
push-button switch activated by pushing the volume 
control; one look into the possibility of removing that 
control eliminated that idea. I concluded that while 
conversion would be possible, it wouldn't be reasona¬ 
ble to make the conversion, use the unit abroad, and 
then reconvert it when I returned home. 

My initial thought was to use a 555 timer. But I 
wasn't sure it would survive the trip and still make the 
25 Hz frequency tolerance required. Without test 
equipment, I would be unable to make any repairs 
while in Europe. 

The ICOM service manual for the 2AT showed that 
the tone burst circutry consisted of a single integrat¬ 
ed circuit, a crystal, and several discrete components. 
The integrated circuit, which functions as an oscilla¬ 
tor/divider, was a TC5082 packaged in a 9-pin single¬ 
in-line package with an SK3733 indicated as its 
replacement. A quick phone call showed the device, 
also known as an ECG1197, was available locally for 



under $10.00. It contains a crystal oscillator and divide- 
by-256, 1024, 2048, and 4096 and is often used in CB 
radios as a reference oscillator for the PLL. 

The final circuit, shown in fig. 1, is almost identical 
to the ICOM burst generator. A 7168-kHz crystal was 
used so the divide-by-4096 output would be 1750 Hz. 
The output was capacitively coupled to the external 
microphone jack of the 2AT. Since the 2AT requries 
DC continuity for transmit, the PTT bar on the side 
had to be pushed for transmit. 

Construction was on a small piece of 3-pad-per-hole 
board. The chip is CMOS, so standard CMOS handling 
procedures — i.e., using a grounded soldering iron, 
inserting the chip last, etc. — were used. The case, 
recycled from an old GE pager, had enough room for 
the circuit and a 9-volt battery. The press-to-silence 
switch already on the case was used to activate the 
burst. A short audio cable coupled the two units. 

Tuneup was easy. I just asked a friend to listen to 
my simplex signal and report on its loudness. I adjusted 
the pot until the level was approximately the same as 
my voice or the touchtone pad. 

Coupling to another rig should be simple. Since 
most HTs have external microphone jacks, that should 
be the way to go. One could build an adapter to ena¬ 
ble this unit and the external microphone to be used 
simultaneously. 

ham radio 

By Ladimer S. IMagurney, WA3EEC, 73 Black¬ 
berry Lane, Amherst, Massachusetts 01002 
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Garth stonehocker, koryw 


Figure 1 provides a graphic repre¬ 
sentation of the effects of the Febru¬ 
ary 1986 ionospheric disturbance. The 
top curve (fig.lA) is the percentage 
change in foF 2 ; the middle curve (fig. 
IB) is the solar flux value; the lower 
curve (fig. 1C) is the geomagnetic A 
index for each day during February. By 
looking at each day individually and 
then reading across the days, one can 
see the storm variation. To see how 
the storm actually developed from 
February 5th to the 10th, see table 1, 


Table 1. Percentage of MUF change and 
associated with 2-hour period. 

geomagnetic 

K figure (in parentheses) 

Date 

1300 UT 

1500 

1700 

1900 

2100 

5 

5.9(1) 

0.0(1) 

6.3(2) 

0.0(2) 

0.0(2) 

6 

9.8(1)SC 1313 

5.3(3) 

7.9(3) 

22.6(2) 

5.1(3) 

7 SC 0500 

3.9(5) 

- 8.8(5) 

7.9(6) 

11.4(6) 

-11.9(7) 

8 

- 19.6(7) 

- 38.6(8) 

-20.6(8) 

-32.3(9) 

-25.7(9) 

9 

-19.6(4) 

- 5.3(4) 

-15.9(5) 

-6.5(5) 

3.4(3) 

10 

-11.8(1) 

-8.8(1) 

-14.3(1) 

-8.1(3) 

-5.1(3) 

Median foF2 

5.1 

5.7 

6.3 

6.2 

5.9 


a geomagnetic- 

ionospheric 

disturbance 

Because the full effects of solar 
flares and storms will be upon us again 
in a year or so, a brief review of the 
solar flare-to-ionospheric storm se¬ 
quence may be beneficial, particularly 
for those who've joined the DXing 
ranks since 1982. 

Several years have passed since the 
sun has been active enough to cause 
concern over the weak signals result¬ 
ing from geomagnetic-ionosopheric 
disturbances in any great number or in¬ 
tensity. Although one or two distur¬ 
bances a year have been of the 
geomagnetic-ionospheric variety, most 
of those we've experienced during the 
last four years have been mild solar 
wind enhancements. However, single 
events — such as that witnessed from 
the 5th through the 10th of February, 
1986 — do occur unexpectedly. 

When a sunspot region flares or 
brightens, ultraviolet and x-rays cause 
increased ionization in the D and E 
regions of the ionosphere. Signals are 
immediately weakened on the daylight 
side of the earth. This sudden iono¬ 
spheric disturbance lasts about an 
hour. With the eruption of the flare, 
many solar particles (protons and elec¬ 
trons) ejected into the solar wind start 
toward the earth along a spiral path to¬ 
ward the polar regions. The higher- 
energy protons arrive within approxi¬ 


mately one to five hours, causing po¬ 
lar cap absorption — even blackout — 
of signals crossing the top and bottom 
of the earth above 80 degrees latitude 
during each period of daylight for a 
couple of days. The more numerous, 
but slower, electrons arrive within 20 
to 30 hours; their arrival often causes 
a shock wave which suddenly begins 
to move the geomagnetic field around, 
then lasts for two to three days. This 
phenomenon is called SC, or "sudden 
commencement." The presence of 
many particles results in further 
weakening and level fluctuation of sig¬ 
nals as a result of movement in the 
auroral zone (70 to 80 degrees latitude). 

The ionospheric F region is affect¬ 
ed after the SC, first by an increase in 
maximum usable frequency (MUF) for 
a few hours over the transmission path 
that's in sunlight. Over the path that's 
in darkness, the MUF decreases from 
the auroral latitudes southward, de¬ 
pending upon the intensity of the 
storm. (See the MUF distribution ta¬ 
bles in the January and February, 
1986, columns.) 


which shows the percentage of 
foF2-MUF change, and in parenthesis 
the geomagnetic K figure associated 
with that 2-hour period. The median 
foF2 for that hour of the month is in¬ 
dicated in the bottom line of the table. 

The storm MUF decrease was prob¬ 
ably not as extreme as the geomagnet¬ 
ic field A and K figures indicate 
because the solar flux was high and 
the initial SC 1313 UT was coincident 
with sunrise, the foF2 rise of the day. 
A second SC was on the 7th at about 
0500 UT; the main decrease in 
foF2-MUF began about 1100 UT with 
the large K figures. The 8th, which was 
a Saturday, was particularly bad, as 
anyone trying to communicate over 
any significant distance will remember. 
Several days later MUFs returned to 
normal. Such is the morphology of a 
geomagnetic-ionospheric disturbance. 

last-minute forecast 

The higher frequency bands, 10 
through 20 meters, are expected to im¬ 
prove during the first week of the 
month. They should be best during the 
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FEBRUARY 

fig. 1. Pronounced effect of solar flare on: (A) MUF (percent¬ 
age change in MUF); (B) solar flux; and (Cl geomagnetic field 
"A" index. 


second and third weeks, when the so¬ 
lar flux 27-day maximum is expected. 
Though still not very good, the lower 
bands will be best during the fourth 
and last weeks of the month. Distur¬ 
bances are more probable on the 3rd 
to the 4th, the 17th to the 18th, and 
on the 23rd through the 25th during 
the solar flux transition and minimum 
time periods. Lunar perigee (closest 
approach of the moon) is on the 19th, 
with a full moon occurring on the28th. 
The Aquarids meteor shower begins 
July 18, peaks on the 28th, and lasts 
until August 7. The radio-echo rate at 
maximum is expected to be about 34 
per hour. 

band-by-band summary 

Six meters will have occasional 
openings to South Africa and South 
America around local noon via E s 
short skip. These can occur at any time 
of the month and favor a five-to-six 
day cycle. 

Ten and fifteen meters will have 
many short-skip openings near local 
noontime and long-skip, especially 
during any solar flux rise, to most 
southern areas of the world during 
daylight. No long-hop transequatorial 
openings are expected to occur at this 
time of the year. 

Twenty, thirty, and forty meters will 
have DX conditions from most areas 
of the world during the daytime and 
into the evening almost every day, ei¬ 
ther long-skip to 2500 miles per hop or 
short-skip E s to 1000-mile hops. The 
length of daylight is still near maxi¬ 
mum, providing many hours of high 
maximum usable frequencies for good 
DXing. 

Thirty, forty, eighty and one-sixty 
meters are all good for nighttime DX 
if you can beat the buildup of thunder¬ 
storm QRN in the evenings. Some en¬ 
hanced signal strength levels via 
short-skip E s may help overcome the 
noise. Some operators get up during 
the predawn hours, after the thunder¬ 
storms have dissipated, taking advan¬ 
tage of quieter conditions to the east. 
Time-and-frequency station MSF, in 
Rugby, England, can be used to mon¬ 
itor 2.5 and 5 MHz for band conditions. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours. 

'Look at next higher band for possible openings. IldtTI T3CliO 




















































































































































































































































































































































































































































































































































products 


personal pocket DMM 

This compact, inexpensive, new instrument 
from North American Soar features simplicity of 
operation and rugged design. The fully autorang¬ 
ing Model 3010 doesn't require fuses because 
it's electronically protected from operator mis¬ 
use, Even applying 250 volls AC to this meter 
in the ohms position won't hurt it. 



Several features, such as permanently mount 
ed test probes that can't be lost or connected 
incorrectly, have been added to ensure good per 
formance in the field. The lightweight design, 
durable ABS plastic housing, and the carrying 
case all afford "drop-proof" protection at mod 
ost cost: only $29.95. 

For further information, contact North Ameri¬ 
can Soar Corporation, 1126 Cornell Avenue, 
Cherry Hill, New Jersey 0800? 

Circle 1302 on Reader Service Card. 


new IC-28A and IC-28H 
2-meter mobiles 

ICOM has announced the availability of the 
new IC-28A 25-watt and IC-28H 45-watt packet- 
compatible 2-meter rigs with all the features 
necessary for mobile operation. These features 
include compact size (the 1C 28A measures 5-1/4 
x 5-1/2 x 2 inches, the 1C 2BH 7-1/4 x 5 1/2 x 
2 inches) and a large LCD readout with an au¬ 
tomatic dimmer circuit to reduce brightness. 

The units operate from 138-174 MHz, with 
specifications guaranteed Irom 144.00 148 MHz. 
making them ideal for MARS and CAP opera¬ 
tion. Twenty-one memory channels are includ 
ed. It’s possible to scan the entire band or the 


memory channels from the provided HM-12 mic. 
Easy to operate, each unit features only 11 front 
panel controls. 

Options include thB IC-HM14 DTMF mic, 
PS-45 13.8V, 8A power supply, UT-29 tone 
squelch unit, SP-10 external speaker, HM-16 
speaker mic and HS-15/HS-15SB flexible boom 
mic, and PTT switchbox. 

For information, contact ICOM America, Inc , 
2380 116th Avenue N.E., Bellevue. Washington 
98009-9029. 

Circle 7303 on Roador Service Card. 


antenna switch 

MFJ Enterprises, Inc., is now producing the 
MFJ-1701, a six-position antenna switch that 
allows switching antennas with the turn of a 
knob. It organizes tangles of coax cables and 
eliminates the need to keep plugging in and 
unplugging cables. 

The MFJ-1701 retails at an affordable $29.95 
(plus $5.00 shipping and handling). The equip¬ 
ment is mounted in a rugged, yet handsome, 
black aluminum cabinet that matches most rigs. 

This six-position antenna switch has SO-239 
connectors, negligible insertion loss, low VSWR, 
and low crosstalk between adjacent outlets. All 
unused terminals are automatically grounded for 
static/lightning/RF protection. The MFJ-1701 
can be used for 52- to 75-ohm systems and can 
be mounted with equal ease on a desk or on a 
wall. In addition, the MFJ-1701 handles 2000 
watts SSB or 1000 watts CW. 

This product is backed by MFJ's one-year 
unconditional warranty. If ordered directly from 
MFJ, it has an additional 30-day guarantee - 
return it within 30 days for a full refund (minus 
shipping and handling) if not completely 
satisfied. 

For details, contaci MFJ Enterprises, Inc., 
P.O. Box 494, Mississippi State, Mississippi 
39762. 

Circle 7304 on Reader Service Card. 


new amateur equipment 
from Heath 

Four new Amateur Radio kit products have 
been introduced by Heath Company, the world’s 
largest manufacturers of high technology elec 
tronic kit products. The new products are the 
HD-1420 VLF Converter, HD-1422 Antenna 
Noise Bridge, HD-1424 Active SWL Antenna, 
and the HD-1530 Touch-Tone Decoder. 

The HD-1420 Very Low Frequency (VLF) Con¬ 
verter allows a standard shortwave receiver to 
tune the 10 to 500 kHz band using the receiver’s 
3.5 to 4.0 MHz band. 

The HD-1422 Antenna Noise Bridge is a use¬ 
ful antenna tuning aid which reveals the cause 
ol any mismatch between a station's transmit 
ter and its antenna. 

The HD-1424 Active SWL Antenna allows a 
shortwave radio to receive signals between 300 
kHz to 30 MHz. 


AUTHORIZED KENWOOD 
l-COM RADIO DEALER 



H L Hi-ASTER. MIC . 203 Buckhannon Pike, Clarksburg, W 
Va 26301 Cla/ksbyro Phone (304) 624-5485 or W Va loll 
Free 1 800-352 3177 

HAROLD HEASTER. KAB0HX. 91 Ridgefiehl Place. Otnond 
Beach. FI 32074 Florida Phone (904) 673 4066 
NEW NATION WIDE TOLi-FREE TELEPHONE 1-800-84-RAO 10 
1-800*84-72346 

Call us tor a quotation. WE WILL SAVE YOU MONEY' 


WORLD-TECH PRODUCTS 


SALE PRICE 

* 34.95 


Ife® List Price s 44. 55 


Modal 
M3111A (S) 


KNOW THE TIME 
ANYWHERE - EVERYWHERE - INSTANTLY 

• 12/24 Hour Time Piece 

• Dual Dial World lime Clock 

• Easy Ic read local lime in dlies around the world 

• Gold or silver time piece handsomely displayed in a smoked acrylic 
or clear stand 

• Baylight/Nighttime shown on 24-hi dial. 

• Accuracy assured lo -15 seconds per monlhwithquartz movement 

• Time piece diameter Sh". height 9T. width 8" Ikes 1 "AA" battery, 
not included. 

ORDER YOUR CLOCKS TODAY 
CALL |813| 442-5862 

Honda iBidom ate St Pleast add ‘290 tor shpptnp 
or write (233 Kapp Dr. Clearwater. Ft 33575 
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Sub Problems? 
Contact Sue. She’ll 
fix it for you! 
(603) 878-1441 
Ham Radio 

Greenville, N. H. 03048 
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Antennas 


BUTTERNUT 



HF6V 

80-10 vertical 

125.00 

HF2V 

80 40 vertical 

114.00 

2MCVS 

2MT vertical 

52 95 

RMKII 

root mfg kil 

41 95 

TBR160S 

160m add on 

45,00 

MPS 

CUSHCRAFT 

mlo post sleeve 

AND MORE! 

5.50 

A4 

4 cl (riband 

330.00 

A3 

3 cl (riband 

224.00 

R3 

10.15.20 remote limed 


vcr( 

275.95 

AV5 

5 band trap vcr| 

105 00 

32-19 

19 ol. 2rnl boomer 

96 95 

215V/I) 

15 cl wide hand 2rnl 



hoomei 

79,95 

424 B 

24 cl 70cm boomer 

32 95 

416TB 

t6 «l OSCAR 435 



MHz 

50 00 

AM4-10T 

10 ol OSCAR 145.9 



MHz 

53.00 

A0P 1 

OSCAR pack 2ml £ 



70cm . 

150 00 

AR-2 

2ml verl. rinoo 

24.50 

ARX-2 

2ml. verl, rinoo 



ranger 

30 00 

ARX*2B 

2nd. verl rinno ranger 

HUSTLER 

ll 

AND MORE! 

37.00 

6BTV 

6 hand trap vert 

128.95 

5BTV 

5 band trap verl 

108.95 

4BTV 

4 band trap vert 

84,95 

G7-144 

fix slat 2nd 



collineat 

11695 

MO 1/M0-2 

mobile mast 

21 95 

RMI0.RMI5 

10m-15m resonator 



(sta) 

11.95 

I RM10S/RM15S super resonator 

16.95 

RM20iHM20S 

sld $ super 



resonator t fi 95/? 1.95 

RM30 

30ml std. resonator 

16.95 

RM40/RM40S 

std. and super 17 95/25.95 

RM75/RM80 

7S or 80 sld 

18.95 

1 RM75S/RM80S 75 or 80 super 

36,95 

BM-1 

bumper rnl 

15.95 

SSM-2 

stainless ball nd 

17 95 

SSM-1 

stainless ball £ spring 



rnl 

32.95 

QD-1 

quick disconnect 

13.95 

SGM-2 

2mt 5/8 mag nd 

28 95 

HOT 

trunk ml. w/swivcl 



ball 

AND MORE' 

1695 


RTTY-AMTOR 

Packet 


HTTY—AMTOR—PACKET 

EEB is one ol the lew Amateur dealers Ibai actu¬ 
ally (Jijmonslmtcs the hilcsl high tech equip¬ 
ment We Icsl every new item ami only sen what 
we ted continent willi If you are considering 
Packet, call us and we ll sell yen Hie best (Ask 
lor Stoll. WR4S or led. AA4GM at 703-938 
3350) II you are in ihe OC area, slop in and 
marvel at our dedicated RTTY room 

PAKRATT PK-64—World's Best 
Prlce/Pertormance Rallo 

The Pakratt 64 is the world's lirsl live mode in 
one Amateur Radio smart data controller 
$219 35 

NEWI PK-80 Packet Controller 

Utilizes IAPRII board-tnclory wired lor all 
RS 232 compatible computers 
Now at $219.95 

CP-1 AEA Computer Patch"* Interlace 

Conveit your personal computer ami transceiver 
into a full lealured RTTY station w/ Hie CP-1 
Computer Patch interlace and software by AEA 

• Now available lor the Commodore 64 

• Complete with cables lor the AEA CP-1 

• Keyboard overlays ami manual $ CALL 

• RS-232 opbon available 
KANTRONICS UTU 

Now Available al EEB 

• Can be used on CW. ASCII. AM I UK *nd 
RTTY 

• Easy lor beginners 

Bil\Q 

EEB ts Bird s No I East Coast Dealer 
Large inventory Package Deal $ CALL $ 

Bird 43-elements—<oads 


HY-GAIN 



TH7DXS 

7 el. trihand 

530 95 

TH5MK2S 

5 ol Inband 

457 95 

EX-14 

4 el [riband 

362 95 

TH3JRS 

3 ol 750W pep 

218.95 

18AVT/WBS 

5 band trap verl 

121 95 

14AVQ/WBS 

4 hand trap vert 

7495 

V2S 

2nd iimni dirccl 

50.95 

V4 

70cm omni direcl 

59.95 

HB144MAG 

2ml mag ml 

21.95 


AND MORE! 


KLM 



KT34A 

Inhnnd 4 el 

337 95 

KT34XA 

Iriband 5 cl 

485,95 

2M-14C 

2nd. satellite 

87 95 

2M22C 

?rnl. satellite 

117.55 

435 18C 

70crn salellde 

113.95 

43540CX 

70crn salellile 

15595 

MOSLEY 



TA33 

3 cl. triband 

239.00 

TA33JR 

3 cl (riband 

179.00 

CL36 

6 el. Iriband 

359 00 

CL33 

3 cl 1nbnnd 

265.00 

PR037 

7 cl. Inband 

465.00 

VAN G0RDEN 



PD8010 

80-10 dipole kil 

34.95 

PD8040 

80-40 dipole kil 

32 50 

PD4010 

40-10 dipole kil 

30.95 

SD80 

80 shortened dipole 

28.95 

SD40 

■10 shortened dipole 

25.95 

ALL DANDER 

160- 10ml 

28.95 


AND MORE! 


LARSEN 



LMI50MM 


41.90 

NLAI50MM 


45 90 

NMOI50MM 


45 90 

KD4 142-HO 


16 95 


AND MORE' 


CABLE & CONNECTORS 

par/tl. 

Belden 9913 


49cts 

Columbia RG 213 

32ms 

RG8/U 


29cl$ 

RG 8X 


I5cis 

RG59/U 


I4cts 

PL259/Silvei 

1 10/1 49 

N-Mate Inr 8/U 


400 

BNC(M)-UHF(F) 

4 80 


AND MORE' 




ROHN 


20G 

10' seel 

41 50 

20AG 

top sect 

48 00 

25G 

10' seel 

51 50 

25AG 

2 3 lap sect 

62 10 

45G 

10' seel 

115 50 

4 SAG 

2 3 tnp sect 

126 00 

AS25G 

access shell 

15 00 

AS45G 

access shell 

48.75 

TB 3 

thrust bear 

53.95 

M200 

10" masl 

22.25 

SB25G 

short base 

26 25 

SB45G 

short base 

49 50 

CF2545G 

gin pole 

187 50 

HY-GAIN ROTORS 


T2X 

20 sq 11 

315.95 

HAM IV 

15 SQ 11 

262.95 

CD45II 

8 5 sq II 

164.95 

KENPR0 ROTOR 


KR-500 

elevation 12 sq. (1 

161.95 

ALLIANCE ROTOR 


U110 

3 sq II 

48 00 

DAIWA 750E ROTOR 

Compare These Specs & Pricing- 


MR750C 

Wmd 

Load 

1 Mo Inr 2 Mo lor 

4 Molor 

Sq fl 

Turn 

16.1 21.5 

30 

Pwr 



Lbs 

610 1200 

2400 

Break 



Pwr. 



Lbs. 

5200 9600 

18300 

Price 

$250 00 $340.00 

$520.00 


Additional Motors $90.03 Prcsfll Add $55.00 
Free U S Great Circle Tinnsler Map w/Rntor 
ALINCO "Ouad Pod' the perlecl match lor 
todays antenna mslallalions, i c OSCAR sys¬ 
tems. light HE beams. VHF UHF beams 
4 legs-slrong-rotor plale—accepts optional 
limn,l beating. Iiglilweighi. durable aluminum 
conslruction—easy inslallahon 


ETS-120 

46“ 

$ 67 00 

ETS-150 

55" 

$ 79.00 

ETS-180 

67“ 

$ 95 00 

ETS-210 

79" 

$107 00 

AAZ-7A 

Thrust B“ar 

$ 36.00 

AAZ-7 

Rotor £ Control 

$121 00 


See Almco Ads lor Details 



TET 

H9433SP 40. 15. 10. 3 el. 244.95 

MV3AH 7.21.28 veil . 48.95 

MV3AHR 7/21/28 verl 80.45 with radio 
MV3BNR 14/21/28 verl 80.45 wllh radio 
MLA-4 foop 3.5/7/21/28 139.95 

SO 10 28 MH 2 Swiss Quad 118.95 

SOY-06 2nd Swiss Ouad 55.95 

M1SC 

Alpha Della Twin Slopcr 49.95 

Larsen KD4-150-HQ 16.95 

Larsen Dual Banders 38.45 

Unadilla I t 17.95 

Ant. Spec. AP151.3G 34.50 

X-Panda Five 14 95 

Ligblnmg Ancslor UHF M-F 3.80 

BuKernul HF3B 165.00 

Hustler UGM 19.95 

Untenna Dual Band 51.00 


Radios 


ALINCO ALR-206T SPECIAL $ CALL 

• 5 & 25 waits—10 Ch memory 

• Scan conlrnl on Mic. 

• Built id Sub Audio Tone. 

• The ALR-206T is (he snlcsl mobile no on 
the markel. No need to take your eyes oil 
the road-COMPLCTELY PROGRAMMABLE 
FROM MIC 

ALINCO AIM-2Q3T SALE $ CALL 

Don't buy <ny HT until you study this fantastic 
unit. Programmability identical to ALR-206T 
You only need lo learn one radio when you have 
both full featured, scan, memory, 5 walls. 2 sub 
audio tones. Receives 140 160 MHz 
ICOM R71A HP—High Performance 
EEB has modified the world class R71A and 
enhanced its performance beyond the 
manufacturer's dream 

• 24 hour bench lest and 6 month war¬ 
ranty 

• SSB litter upgrade lo improve AM Narrow 
SSB-selectivity and dynamic range. 

• Front end upgrade improves dynamic range 
plus preamp enables operation hclow 1600 
kHz 

• 4 kHz tiller replaces 6 kHz wide liitcr- 
improves AM selectivity 

• Audm output upgrade gives more audio al less 
distortion—more easy listening. 

• AGC lime constant lor optimum AGC control 

• Sbolkey diodes tor clear sound-increased per 
lorrnancc 

• Spike protection installed al the pwr supply 
lor max spike and surge protection 

• Final chuck out afigurncnt 

• We also install ICOM options al no charge. 
R71A HP MF Mechanical filter add $200.00 
lo R71A 

R71A HP XF 8 pule Xtal Filler add $250.00 
lo R71A 

R71A HPXFS 2 1 kHzXIal Filter add $300.00 
to R7IA 

R71A 24 hour tested—no mods $669.95 
ICOM R7060 VHF/UHF $849.00 
EEB will oiler a R7000 HP-Detail Release 
date July 86 
MEC 71« 

Nov; you can control & enhance the perfor¬ 
mance of ICOM R71A. 751A. 271A. 471A, 
1271A w/tlio amazing MEC 71« computer 
interface for the C-64 

• Display 1 print 6 receive memories 

• Store or log 705 memories w/cornputcr 

• Unlirnilcc momory w/Disc storage 

• Keyboard entry or Ireq . mode, memory scan 
Get atl the details—Calf or write today 

MFC 7l<i Introductory Price at $199 95. 
Established Dealer Inquiries Invited 


ELECTRONIC 
EQUIPMENT 
BANK 

516 Mill Street ME 

Vienna, VA 22180 USA 

Prices $ specs subiccl to change 
Shippma charges not included 
Returns subject to 20% restock charge 
Free catling in USA. all oilier 3 IRC's 

ORDER TOLL FREE 800-368-3270 
Tech Info—VA orders 703-938-3350 



NEW 

products 


The HD 1530 Programmable Touch-Tone De¬ 
coder is used in series with the speaker of a re¬ 
ceiver or scanner. 

These Amateur Radio products are just a few 
of many products offered by the Heath Com¬ 
pany. To receive a free copy of the current cata 
log, contact Heath Company, Department ISO- 
592, Benton Harbor, Michigan 49022. (In Can¬ 
ada, write Heath Company, 1020 Islington Ave¬ 
nue. Department 3100, Toronto, Ontario, M83Z). 

Circle /305 on Reader Service Card. 


miniature VHF 
GaAs FET preamps 

Low in cost and small in size, these new am¬ 
plifiers from Hamtronics are easily used in a var¬ 
iety of applications. Amplifiers in the LNW series, 
available in eight different models tuning from 
25 to 500 MHz, are designed around dual-gate 
FETs that provide stable operation over a wide 
range of load impedances. At frequencies be¬ 
low 120 MHz, gain runs from 22 to 28 dB with 
a typical noise figure of 0.8 dB. 

The price is $19 (in kit form) and $34 (assem 
bled and tested). Further details on these 
preamps and many other Hamtronics products 
are available in a 40 page catalog available for 
$1. Contact Hamtionics, Inc., 65-F Moul Road, 
Hilton, New York 14468-9535. 


new software for 
RC-850 repeater controller 

Advanced Computer Controls, Inc. has an¬ 
nounced Version 3.4 software that adds many 
new features to repeater systems. 

The controller's autopatch is enhanced to sup¬ 
port multiple telephone lines, including up to 
three remote phone lines linked by radio. Remote 
phone lines allow aulopatch and autodial serv¬ 
ices on repeaters at inaccessible sites and allow 
the repeater's patch coverage to match ils RF 
coverage, with calls automatically directed to the 
proper line. 

Additional access and control modes allow 
custom tailoring of PL and touchlone access to 
the repeater. Eight hundred individual user- 
access codes may be enabled and disabled by 
the repeater owner, for secure controlled access 
to selected functions. 

Four links or remote bases are supported, with 
touchtone command entry permitted from the 
remotes. Additional remote base frequency 
memories are included, with programmable 
memory name responses. 

Numerous additional paging formats are sup¬ 
ported for selective call to users with decoders 
or paging receivers. New formats include five- 
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lone sequential, DTMF, CTCSS, and HSC for 
numeric display paging. Pager information is 
stored in memories for easy two-digit reference 
to any pager. 

Available to all current owners, the software 
is supplied in 48K of EPROM, plus an 8K RAM 
upgrade. The non-volatile EPROM memory is 
optionally upgradable to 8K. The upgrades are 
included as standard in newly shipped 
equipment. 



For additional information, contact Advanced 
Computer Controls, Inc,, 10816 Northridge 
Square, Cupertino, California 95014. 

Circle #306 on Reader Service Card. 


Kantronics Packet 
Communicator II™ 

The complete Kantronics Packet Communi¬ 
cator III KPC-2) is an AX.25 Version 2.0 TNC that 
features a completely new design, the latest in 
technology updates, and over 100 software com¬ 
mands. A serial RS232 or TTL port allows con 
neclion to any computer. KPC-2 is also 
compatible with existing TNCs. The unit is ready 
to use and easy to operate. 

Priced at $219, the KPC-2 is compatible with 
any computer having a serial, asynchronous I/O. 
It offers standard computer-to-communicator 
baud rates between 300 and 9600, and packet 
radio baud rates of 300, 400, 600, and 1200. 

Software selectable VHP and HP modems are 
included. Six software selectable tone pairs in¬ 
cluding Bell 103. 202, CCITT V.21, and CCITT 
V.23, and full duplex capability are also featured. 
Full 16K is RAM standard, with memory expand 
able to 32K RAM. 

Any terminal or communications software pro¬ 
gram can be used to establish communication 
between your computer and the KPC-2.'“ Kan- 
tronics offers Pacterm a special packet ter 
minal program for many popular computers. 



Power supply, connectors, and cables are 
provided with the KPC-2. but the user must sup¬ 
ply the transceiver rnic jack and the computer 
RS232/TTL connector. 

For information contact Kantronics, Inc., 1202 
E. 23rd Street, Lawrence, Kansas 66046. 

Circle /307 on Reader Service Card. 


new Transi-trap’ M 

Alpha Delta has jusl announced availability of 
a new improved vesion of its Transi-trap'" 
electrical surge protector. 

The Transi-trap "Arc-plug" has been re 
designed to meet industrial and governmental 
protection standards for protection against Elec 
tromagnetic Pulse iEMP), in accordance with the 
National Communications System report, NCS 
TIB 85-10. The new "Arc-plug" has a DC clamp 
ing level of 350 volts to provide proper transmitter 
protection. The pulse clamping level Iper NCS 
EMP test: 4,500 volts at 50 ohms) is 230 volts. 
The unit will respond in 80 to 100 nanoseconds 
and has a very low interelectrode capacitance 
of less than 1 pF 

For more information, contact Alpha Delta, 
P.O. Box 571, Centerville, Ohio 45459. 

Circle /308 on Reader Service Card. 


hidden signals 

Universal Electronics has announced the re 
lease of the second edition of The Hidden Sig¬ 
nals on Satellite TV. the first book to completely 
cover the field of non video satellite services car 
ried on domestic satellites. 



These services include stereo subcariiers, tele¬ 
phone channels, world news and press services. 
Teletext, and other VBI Systems, Single Chan¬ 
nel Per Carrier (SCPCI Systems, plus other data 
and business services. 

Hidden Signals deals with all phases of this 
expanding side of the satellite business: the sys¬ 
tems, how they work, who uses them, how they 
are received, and how the services can be util¬ 
ized. Despite its sophisticated content, the illus¬ 
trated 240 page book is easy to read and 
understand. 

The book is available for $19.95, plus $2.00 
shipping and handling from Universal Electron¬ 
ics, Inc., 4555 Groves Road, Suite 13A, Colum¬ 
bus, Ohio 43232. (Also available from Ham 
Radio’s Bookstore, Greenville, New Hampshire 
03048 for $19.95 plus $3.50 shipping and 
handling.) 

Circle #309 on Reeder Service Card. 


IC0M REPEATER 
PROGRAM UPGRADE 

I he RPS I ss an entirely new repeater progtam written lor the iCOM 
REPEATER controller board that will add NEW FEATURES and CUS 
F0M PROGRAMMING to your (COM RP 1210- RP 2010, .Uhl 
RP-3010 The RPS I wiJ take your generic sounding repealer and 
give it a whole new (re'SonaMy 

New CW ID operation provides two separate cw id messages, and 
can include aty/r.uie, or ciuti name Pius me cw messages .ire sent 
at the speed you request The new Courtesy Deep tone prompt Al 
lows a short courtesy wart period before beeping and lesotfing the 
fjrne«jt timer wtisle the repeater transmitter stays on New jmeouf 
operation dears hnwwit immediately with no down delay amt pro 
vines cw warning messages to reduce confusion Custom program 
ruing ot all on and fining parameters 
the ICOM REPEATER is a well twill, reliable repeater, and adding 
die PROCESSOR CONCEPTS UPS t will add new features, ami tier 
sonaltMd programming to make a good repeater even better 

• TWO SEPARATE CW 10 MESSAGES 

• PRE-TIME0U1 CW WARNING MSG 

• POSI IIME0UI CW MSG 

• 0IRECI EPROM CHIP REPLACE MEM t 

• COURTESY BEEP TONE PR0MP1 

• TIMEOUT RESET ON BEEP 

• CHOICE OF CW 10 SPEEDS 

• EASY 10 INSTALL 

RPS-1 PROGRAMMED MEMORY and MANUAL only $14.00 
plus $3.00 shipping 

PROCESSOR CONCEPTS 

P. 0. BOX 32908 
MINNEAPOLIS. MN $5432 
(512) 750-0472 7 pm lOpm evenings 

CALI OH WHIIi K)R iHEE SPECIHCAIKWS AND 
WKXiHAMMINU 0R0ER SHEET 
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1h»* convertor uvn's All th* 420 445 MM/ MV fr*qu*nei*» Thti 
cnNvrrlrr i cri;iUI r#tor*f>c«> !o tacit 6ht& Ihr Ibr 45*? <?5 MM? 
*t<tndjrd -or- * thwmri »t 42} ?S or 426 25 c r 436.J5.MH/. 

this tcnv»r to» also cvjifiirts * m-vriml t«r»ing motto for t*ori-*fhotStrtl 
frequencies thp if output cif* b# entofxt for ch*wi»l 2 «» '$ 

This MV m*duto u tmt'1 mi only roqutrrt *12VDC A <m»1t 12V 

to*nsformer u ■jup(»n»4 with nut isswibtoa *.-mJ tostoil cohv#»to» 

This convortoi' «*»-> a GAs ft* RF Amp with a highly tobstovr tttni- 
p*ss filtor 1h.it will cut Out stotr.fj U 1 ‘F ( Tv i«d i>1hr» strong sut gt 

TypK*l lieh <f 500 MM? * -50 dt>, $220 MM? « 65 sib. 
Anti dM 44 MM/ * *70 4f>0t tor Th* p*st-bifi4 »i 420-445 

Vo1U$? IS vfry S-Ubto unitor varying DC Cun- 

version <{4*n is ipprcvtmitrly ?0 db with input *»»4 output s«rq» 
protection input is vu typ# ‘rv cofsn»ctsf Output U vi» * typ* "f * 
c more tor S>/- nSI75‘*3V* I 5' 

*96.50 

QUANTITY PRICING AVAILABLE POR GROUP PURCHASES 

_ TECHNICAL DEVELOPMENT SYSTEMS 
3608 CHARLES STREET 
FORT WORIII, TEXAS 76118 
_(81 7) 284-4290_ 


TERMS: money order, certified check.UPS 
cosh COD Allow 2 weeks for persona! or 
company checks to clear. Add $4.SO for 
shipping & handling. Texas add 5.125% 
state sales tax. 
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rMULTI-BAND SLOPERS1 

AtSO OIPOlCS * llMlltO-SfACt AHIEHNAS 

Oul«lDM<iing HiMtormMtcaal WiilNM iiwotiknownt No»*n- 

loy mulll&AilflUlO-niONAt lepomi AulWttkllC 6i«du.ltehm* - V«»* 
lM 5WH • Co»« «M><1 • 71- |>(.-•» • Como.Cl ■ f (ILiT ASSCttbltP 
lo »oui »P«€III«4 c»nl«*l*»a<»»*T*i<htuuut - F.»t* lo inllllT ■ Vof i 
low pialll* • CnmplilB Intlfuctiam .Tou» p««lo**l chock occuptod 


4 DAN!) SI OK. It *40 l0. <6 30 o» 70M 60 II Toh* t *k ppa 

3 . 160. *0.40*4 60 tl •• *43 •• 

3 . 40 40M 40 11 -- *35 •* 

3 .♦ MO’triAr IJIl-Ol 1: 160 fltt, 40M Mil Wg */l 

7 . 80 4DM BSfl - f iS •• 

9IJAN1) SfACf -SAVf It UIKXC -160 Ifuu IOM* Mtl.tOOO * »5PM 

• (MkiuNvi kWi-iwM ucwi (40.40, Jo, t*Mw(ttiuul tunvil 


SEND BASE tot eompwl* ol irwt* »na Whi* <mii)if *nl*vi«» 

W.9INN ANf INNAS 313 3M 1414 

BOX 393*H Ml. PROSPICT. IL 60036 
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products 


get connected — 
to packet radio 

Get Connected to Packet Radio, by Jim 
Grubbs, K9EI, is the first book devoted exclu¬ 
sively to packet radio operation. Three major sec¬ 
tions cover packet radio from the beginning 
through intermediate levels. 

In the first chapters, Jim offers a quick look 
at packet radio history. For those contemplat¬ 
ing the purchase of a terminal node controller 
for packet radio, information is included on the 
rapidly growing number of units available. A 
comparison of several major designs is included. 

Once readers assembles the necessary equip¬ 
ment, Get Connected to Packet Radio takes 
them by the hand in a step-by-step process lead 
ing to their first successful first packet QSO. 

The introductory section continues with infor¬ 
mation on possible problems, useful commands, 
and a discussion of high-frequency packet oper¬ 
ation versus VHF operation. You'll learn where 
to find additional packet information in maga 
•ones and newsletters and how to contact packet 
organizations, no matter where you live. 

The second section begins with a look at pack¬ 
et protocol. Information on the Xerox 820 com¬ 
puter for use as both a packet terminal and as 
a bulletin board are included. A special chapter 
on accessories takes a look at everything from 
special software to connect alarms. 

In other chapters, details on special packet 
operations (running a bulletin board, for exam¬ 
ple) are outlined. The final pages include an ex¬ 
tensive appendix containing a handy glossary, 
a bibliography, and lists of pertinent addresses, 
frequencies, command summaries, and more. 

Get Connected to Packet Radio is available 
Iron) Ham Radio's Bookstore, Greenville, N. H. 
03048, for $12.95 plus $3.50 shipping and 
handling. 


MFC sells ham products 
division 

Microwave Filter Company. Inc. has sold its 
Unadilla/Reyco Amateur Radio Products Divi¬ 
sion to Ralph H. Janniniof Antennas, Etc., of 
Andover, Massachusetts. The division produced 
baluns, traps, switches, and antenna kits that 
were distributed through approximately 200 deal 
ors nationwide and to exporters in Canada, 
South America, and Europe. Jannini will add Un¬ 
adilla/Reyco to his present operations and will 
continue to serve MFC's Amateur Radio cus¬ 
tomers. 

For information on Unadilla/Reyco products, 
contact Antennas. Etc., 16 Hansom Road, An 
dover, Massachusetts 01810. 


ANTENNA 

And 

TOWER 

ACCESSORIES 


Gmpolo 

KtlS Kj I 

GP-at Lf | 
$129.50 A j 


MAST ADAPTERS 

Ji $Z7 5 oR NEW 

M H MA-3 

’ LP u 129 50 

BEAM MOUNT 

Si 

l STANDOFFS 

\ SO-1 $34.50 


Pully Kit S8.50 


U lJdcJot i 

MMt ’ 

$249 50 
FOB Oak I awn 


PVI j Commercial 

U u Antenna 

Standoll $99.50 

NEW FREE CATALOG NOW AVAILABLE 
jUU MX EQUIPMENT LTD. 

P.O. Box 9 Oaklown, IL 604S4 

(312)4230605 ^ 122 


PRC, 


SERVICE CENTER 

for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER Lie 

Mon-Fri 10:00-4:00 pm 

(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 

23332 58!h Ave. West 
Mountlake Terrace, Wa 98043 

& CODS Welcome s 124 


BOOK 

FLYER 

Send SASE to 

Ham Radio’s Bookstore 

Greenville, N. H. 03048 


RF 

TRANSISTORS 


P/N 

MRF412./A 

MRF421 

MRF422* 

MRF426./A* 

MRF433 

MRF449./A 

MRF450./A 

MRF453./A 

MRF454./A 

MRF455./A 

MRF458 

MRF475 

MRF476 

MRF477 

MRF479 

MRF485* 

MRF492 

SRF2072 

SRF3662 

SRF3775 

SRF3795 

CD2545 

SD1487 

2SC2290 

2SC2879 

O Suit'd e 


2-30 MHz 12V(' 
Rating 

BOW 
Q 100W 
150W 
2SW 


Match Pt 

45.00 

51.00 

82.00 

42.00 


12.5W 

12.00 

30.00 

Q 

30W 

12.50 

30.00 

Q 

50W 

14.00 

31.00 

Q 

60W 

15.00 

35.00 

Q 

80W 

15.00 

34.DO 

Q 

BOW 

12.00 

28.DO 


80W 

20.00 

46.00 


12W 

3.00 

9.00 


3W 

2.75 

8 .DO 


40W 

11.00 

25.00 


15W 

10.00 

23.00 


15W 

6.00 

15.00 

Q 

90W 

16.75 

37.50 

Q 

65W 

13.00 

30.00 

Q 110W 

25.00 

54.00 

Q 

75W 

14.00 

32.00 

Q 

90W 

16.50 

37,00 


50W 

23.00 

52.00 

Q 100W 

36.00 

76.00 


60W 

15.00 

36.00 

Q 100W 

25.00 

56.00 

od High Gain Match 

?£/ Quads Available 

VHF/UHF TRAN SIS TORS 


Rating 

MH.’ 

Net E;i 

Mulch Pi 

10W 

136-174 

S16.00 

— 

15W 

136-174 

10.00 

— 

25W 

136-174 

14.00 

— 

40W 

136-174 

13.50 

32.00 

4W 

136-174 

3.00 

— 

30W 

136-174 

13.00 

30.00 

30W 

136-174 

15.00 

3500 

40W 

136 174 

18.00 

41,00 

80W 

136-174 

28.00 

6500 

75 W 

136-174 

27.00 

63,00 

5W 

136-174 

7.00 

— 

10W 

136 174 

9 00 

_ 

I5W 

136-174 

9.00 

— 

30W 

136-174 

13.00 

— 

1 7SW 

136-174 

3.00 

— 

15W 

407-512 

22.00 

49.00 

25W 

407 512 

24.00 

54.00 

40W 

407 512 

26.50 

5900 

60W 

407-512 

33.00 

69.00 

150W 

136-174 

74.50 

170.00 

100W 

136-174 

32.50 

78.00 

1W 

30-200 

1.25 

— 

1W 

136 174 

1.25 

— 

25W 

136-174 

13.50 

34.00 

4W 

136-174 

7.75 

— 

I5W 

136-174 

9.00 

— 

25W 

136-174 

10.50 

— 

30W 

136-174 

11.50 

24,00 

40W 

136-174 

13.00 

31 00 


MISC TRANSISTORS & MODULES 
MRF134 S16.00 SAV6 S32.50 

MRF136 21 00 SAV7 30.00 

MRF137 24 00 S10-12 13.50 

MRF138 35.00 2SC1075 25.00 

MRF140 89.50 2SC1307 5.00 

MRF150 89.50 2SC1946A 12.D0 

MRF172 6200 2SC1969 3.D0 

MRF174 80.00 2SC2221 10.D0 

2N1522 7.95 2SC2269 20.D0 

2N4048 7.20 2SC2289 22.00 

NE41 137 3.50 2SC2312C 4.00 

2N5590 11.00 2N5945 10.00 

2N5642 14.00 2N5946 13.00 

SuleiMt_'<t. matched finals lot litom. Atlas. Yaesu. Ken 
wood Cuhir, TWO etc Tcciinir.iil assistance ami cross- 
relorence on CD PT. SD. SRF .mil 2SC P/Nm 

Quantity parts users c.iP tot quote* 

WE SHIP SAME DAY • C.0.D./VISA/MC 

Minimum Order - Fwonly Dollars 

(619)744-0728 
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RATES Noncommercial ads IOC per word; 
commercial ads 60C per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


DX ANTENNAS FOR 160-10 METERS. Small size, broadband, 
high performance. Also, antenna parts, Beverage insulators, wire 
and cable. Low prices and fast service. SASEfor catalog. W1FB, 
Oak Hills Research, POB 250, Luther. Ml 49656 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy- SASE for information. C ft D Electronics, PO Box 
1402, Oept. HR, Hope, AR 71801. 


COLLINS STATION 75S3 receiver, 32S1 transmitter, 516-F 
speaker and P/S, connecting cables, extra clean $600. K6KZT, 
2255 Alexander, Los Osos, CA 93402. 


WANTED: Meter for Gonset GSB-100 transmitter Gary Embler, 
732 College Avenue. Palo Alto, CA 94306. (415) 424 1483 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Posttach 2454 
D-7B50 Loerrach 
West Germany 
Ham Radio Belgium 
Stereohouse 
Brusae'sesteenweg 4>6 
6 9210 Gent 
Belgium 

Ham Radio Holland 
Post bus 413 
ML 7000 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2004 

S-194 02 Uppiands vasby 
Sweden 

Ham Radio France 
SM Elect romc 
20 bis. Ave des Clarions 
F-09000 Auxerre 
France 

Ham Radio Germany 
Karin Ueber 
Posttach 2454 
0-7050 Loerrach 
West Germany 


Canada 
Send orders lo 
Ham Radio Magazine 
Greenville. NH 03040 USA 
Prices m Canadian funds 
1 yr $29.95. 2 yrs $53 30 
3 y-s. $75 40 


Ham Radio Maly 
Via Maniago 15 
120134 Milano 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Posttach 2454 
D 7050 Loerrach 
West Germany 


Ham Radio England 
c/o R.S.G B 
Alma House 
Cranborne Road 
Potters Bar 
Herts EN6 3JW 
England 


CONTENTS SHACK: List SASE Ken Hand, WB2EUF, Box 
708, East Hampton, NY 11937 


DISCOUNT CATV CONVERTERS/DECODERS and Video ac¬ 
cessories. Send for free information and prices it could save 
you BIG MONEY on your next purchase of these and other 
CATV items. Easy View, (HR) PO Box 221, Arlington Heights, 
Illinois 60006. (312) 952-8504. Ask for Rudy Valentine. 


ELECTRONIC DESIGN experienced in RF, Audio, and 
Microprocessors. Complete laboratory and facilities. John Bat 
tie & Associates, 1000 South Peachtree #101, Norcross, Geor¬ 
gia 30071. (404) 449-8636. 

WANTED: Operations manual Hammarlund 105TR. Andy Nagy, 
1444 Dill Road, South Euclid, Ohio 44121. 


YAESU OWNERS: Hundreds of modifications and improve¬ 
ments for your rig Select the best from fourteen years of genuine 
top-rated Fox-Tango Newsletters by using our new Comprehen¬ 
sive Index. Only $4 postpaid with Rebate Certificate creditable 
toward Newsletters purchases. Includes famous Fox-Tango 
Greensheet and Filter information for your rig (if specified). 
N4ML. FTC. Box 15944, W. Palm Beach, FL 33416. Telephone 
(305) 683-9587. 

IBM-PC RTTY/CW. CompRtty II is the complete RTTY/CW pro¬ 
gram for the IBM PC and compatibles. Virtually any speed AS¬ 
CII, BAUDOT, CW. Text entry via built-in screen editor! 10,000 
charabter transmit/receive buffers. Adjustable split screen dis¬ 
play. Instant mode/speed change. Hardcopy, diskeopy, break- 
in buffer, select calling, text file transfer, customizable full screen 
lo99' n 9. 24 programmable 1000 character messages. Now with 
WRU (simple mailbox). Ideal for MARS and traffic handling. Re¬ 
quires 128k PC, XT, AT, PCjr, PC-DOS, serial port, RS-232C 
TU $65. Send call letters (including MARS) with order. David 
A. Rice, KC2HO, 7373 Jessica Drive, North Syracuse, NY 13212. 


ATTENTION AMATEURS Send for Free discount catalog. 
Amateur Communications, 2317 Vance Jackson, San Antonio, 
TX 78213. (513) 734-7793. 


BEAM HEADING CHART, 10 page report in binder with 9 data 
fields calculated from your exact QTH to over 540 DX locations. 
$9.95 from John Daley, KB6JGH. PO Box 4794, San Jose, CA 
95150. 


8877 VHF AMP KITS: HV power supplies, CX600N relays, Mu- 
Tek LTD front end boards for IC251 /IC271, EME newsletter and 
QRO parts. SASE for new catalog KB7Q, "Q" Products, 417 
Staudaher Street, Bozeman, MT 59715. 

ANNOUNCING Iowa's new Computer BBS. (319) 567-9659. 24 
hours per day. Contact User -8, AI9D for more information. 

IBM/APPLE COMPUTER full feature log program, ''Hamlog". 
Send SASE KA1AWH, Box 2015, Peabody, MA 0)960. 

TRANSFORMERS wound to 300 watts. Peter Robson Co., 18 
Washington Trail, Hopatcong. NJ 07843. 

ELECTRON TUBES: Radio, TV & Industrial Types - Huge in¬ 
ventory Send for 80% off tube listing. Call Toll Free (800) 
221-5802 or write Box HR, Transleteronic, Inc., 1365 39th Street, 
Brooklyn. NY 11218 1718) 633-2800 


THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays 1900Z a/so 3.880 Tuesdays 
at 23S9Z. Net control. N5BDN, Clarksville, IN 

OLD RADIO transcription discs wanted. Any size, speed. 
W7FIZ, Box 724 HR, Redmond, WA 98073-0724. 


RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10.00. Beginners RTTY Handbook $8.00. PO Box RY, Cardiff, 
CA 92007. 

IMRA, International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey. 
1 Pryer Manor Road, Larchmont, New York 10538. 


RUBBER STAMPS: 3 lines $4.50 PPD. Senq check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases Daily 
Electronics, PO Box 5029, Compton, CA 09224. (213) 774-1256 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hern Specialties, fnc.. Dept 301, 4202 N. Drake. 
Chicago, IL 60618. 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo. CA 94806. 

PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or write for information. A&A Engineering, 7970 Orchid Drive, 
Buena Park, CA 90620. (714) 521 4160. 


CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrofd, Hamlin, Zenith- - Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Master¬ 
card, VISA, COD accepted.Free Catalog - call (800) 345-8927 
only Pacific Cable Co., Inc., 7325-1/2 Reseda Blvd,#1014, Rese¬ 
da, CA 91335. (818) 716-5914. 

CHASSIS and cabinet kits. SASE K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 


COMING EVENTS 

Activities — “Places to go .. 

PENNSYLVANIA: The Nittany Amateur Radio Club's annual 
Mt. Nittany Ham Festival, July 12, Firemen's Carnival Grounds, 
Pleasant Gap. 8 AM to 4 PM. Admission $3.00 per ham. Spouses 
and children free. Flea market space $5 includes admission. Pro¬ 
gram and good food available. Talk in on 146.16/ 76 Inorthand 
west) 146.25/.85 (south and east) and 146,52. For information: 
Chuck McMullen, K3CM, 7 Holly Circle, State College. PA 
16801. 


MARYLAND: BRATS Hamfest and Computerfest, sponsored 
by the Baltimore Radio Amateur Television Society, Sunday, 
July 27, Howard County Fairgrounds, Rt. 144 at Rt. 32, West 
Friendship. Indoor tables with AC power $20 each; 4/$75. 
Without AC power $10 each; 10/$95 by advanced registration 
only. Dealer setup Saturday 2 PM. Sunday tailgating space $4 
per space. Free VE exams 11 AM Sunday, no advanced regis¬ 
tration required. Talk in on 63/03, 16/76 and 52. For informa¬ 
tion and reservations: W3GXK, BRATS, PO Box 5916, 
Baltimore, MD 21208. 


MICHIGAN: The 38th annual upper Peninsula Hamfest, spon¬ 
sored by the Delta County Amateur Radio Association, Satur¬ 
day, August 2, Bay Oe Noc Community College, Escanaba. 
Registration $2. Activities, meetings, swap and banquet. For in¬ 
formation: Aileen Gagnon, WA8DHB, Co-Chairman, 9159 Bay 
Shore Drive, Gladstone, Ml 49837. 


WEST VIRGINIA: The 27th annual West Virginia State ARRL 
Convention, Friday evening July 4 through Sunday, July 6, Jack¬ 
son’s Mill State 4-H Camp near Weston, Lewis County. Recep¬ 
tion Friday evening. Exhibits, tech forums, equipment auction 
and pizza party. Free flea market space for registrants. Plenty 
of family fun. For information:Sue Goodwin, 103 Cleveland 
Avenue, Nitro, WV 25143. 


KENTUCKY: The Central Kentucky ARRL Hamfest, sponsored 
by the Bluegrass Amateur Radio Society, Sunday, August 10, 
8 AM to 4 PM, Scott County High School, Longlick Road and 
US Rt, 25, Georgetown.Tickets $4.00 advance; $5.00 at the gate. 
Tech forums, license exams, awards and exhibits. Air- 
conditioned facilities. Free outdoor flea market space. For in¬ 
formation or tickets: SASE to Scott Hackney, KI4LE, 629 Craig 
Lane, Georgetown, KY 40324. 


PENNSYLVANIA: The 49th annual Hamfest sponsored by the 
South Hills Brass Pounders and Modulators ARC, Sunday, Au¬ 
gust 3, south campus of Allegheny Community College, West 
Mifflin, 7 miles south of Pittsburgh. Talk in on 146.13/73 and 
146.52. For information: Doug Wilson, WA3ZNP, 185 Orchard 
Avenue, Emsworth, PA 15202. 


NEW YORK: Electronics Extravaganza sponsored by the Put¬ 
nam Emergency Amateur Repeater League, Saturday, August 
16, J.F. Kennedy Elementary School, Brewster. 9 AM to4 PM. 
Admission $3.00. Children under 12 free with adult. Food and 
refreshments available. Indoor tables, with one admission, 
$10.00. Tailgating $5.00. FCC exams. Limited walkins. Talk in 
on 144.535/145.135. For table reservations or information: R. 
Dillon, N2EFA, RFD 7, Noel Court, Brewster, NY 10509. 


PENNSYLVANIA: The Mid-Atlantic Amateur Radio Club’s an¬ 
nual Hamfest, Sunday, August 10, 8ucks County Drive-in Theat 
er, Rt. 611, Warrington. 8 AM to 3 PM. Rain or shine. 
Admission $3.00 plus $2.00 for each tailgate space. Bring your 
own tables. Talk in on WB3JOE/R, 147.66/ 06 or 146.52. For 
information: MARCBox 352, Villanova, PA 19085 or call Bob 
Josuweit. WA3PZO (215) 449-9727. 


TEXAS: Texas State ARRL and Texas VHF/FM Society's joint 
convention, July 11-13, El Tropicano Hotel, 110 Lexington, San 
Antonio. Hospitality suites, licensed day-care, QCWA breakfast, 
Saturday evening banquet. ARRL forum. For information . Melvin 
H. Anderson, Jr, 8932 Saddle Trail, San Antonio, TX 78255 (512) 
698-1712 or 698-1714. 


NEW JERSEY: SCARC '86, sponsored by the Sussex County 
ARC, July 19, Sussex County Fairgrounds, Plains Road, Au¬ 
gusta. Doors open 8 AM. Registration $3.00. indoor tables $7.00 
each. Tailgate space $5.00. Food and refreshments. Free park¬ 
ing. Talk in on 147.90/30 and 146.52. For information: Donald 
R. Stickle. K20X, Weldon Road, RD 4, Lake Hopatcong, NJ 
07849.(201)663-0677. 


PENNSYLVANIA: The Murgas Amateur Radio Club’s 7th an 
nual Hamfest, July 6, Ice-A-Rama in the Coal Street Sports Com¬ 
plex, Wilkes-Barre. Setup 6 AM. General admission 8 AM. 
Tables available by advance reservation. VE exams Talk in on 
146.61, 53.61 and 146.52. For information or to register for VE 
exams call (717) 388-6863 


INDIANA: The WA9SNT Amateur Radio Club will hold its an¬ 
nual Swapfest. August 9. ITT Technical Institute, 9511 Angola 
Court, Indianapolis. 8 AM to 4 PM. General admission $2.00. 
Students $1.00. Flea market space $1.00 additional. Setup time 
6 AM. Auction, large flea market, refreshments avialable. ITT 
Technical Institute will hold an open house during the Swap 
fest. All interested are invited to tour the facilities. For addition 
al information: Dave Johnston, K9HDQ, c/o ITT Technical 
Institute, 9511 Angola Court, Indianapolis, IN 46368. (317) 
875-8640. 


WISCONSIN: The Eau Claire Amateur Radio Club's annual Ham¬ 
fest, Saturday, July 12, 4-H Buildings in Eau Claire. 8 AM to 
4 PM. Tickets $3.00. Free tables and coffee. Talk in on 31/91 
and 52 simplex. For information/tickets SASE to Gene Lieberg, 
KA9DWH, 2840 Saturn Avenue.Eau Claire, Wl 54703. 
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WISCONSIN: The Soulh Milwaukee Amateur Radio Club's an 
mid I Swnplosi, Saturday, July 12, American Legion Post 434, 
9327 South Shepard Avenue. Oak Creek 7 AM to 4 PM Park 
iny. picnicking, food and refreshments available. Admission 
$3 00 includes “happy time” with I roe beverages. The Milwau¬ 
kee Volunteer Core Group will conduct Amateur Radio exams 
during die day For more details, including a map, write: Smith 
Milwaukee ARC. PO Box 102. South Milwaukee, Wl 53172 0102 


1986 • BLOSSOMLAND BLAST” Sunday. October 5. 1986 
Write 111 AST“ PO Box 175. St Joseph. Ml 49085 

CALIFORNIA:FCC exams. Novice Extra. Sunnyvale VEC ARC 
(4081 255 9000 24 hour. 73. Gordon. W6NLG. VEC 

PENNSYLVANIA (Moadvillel July 5. Firecracker Hamlust by 
Crawford Amateur Radio Society. Electronics, radios, 
computers. New location at Meodvillo Recreation Center just 
off Rt. 27 E in Meadvillo. All indoors; no rain out One Olympic 
and two child-si/e deluxe swim pools with lockers and showers 
arid othflf sports available in Center Free indoor lleamarkot 
space; bring table. Dealers: free indoor space and tablulsl avail¬ 
able by preregemation; reserve early. Admission adult $2.00, chif 
dron fre«>, swimming for small extra Talk in 144.63/145 13, 
W3MIE-'R. For information write CARS Hnmlosi 86. PO Box 
653, Meiidville. PA 16335 or call Ben Foror. KF3F. 814/724-2432 

BRITISH COLUMBIA: Maple Ridge Hiimfost, July 12 and 13, 
St Patricks Center, 22589 121 Avenue. Maplo Ridge. Admis¬ 
sion Hums $6.00; non hams over 12 $3.00. Undor 12 Ireu. Two 
hams in family 09.00. Commercial displays. Ilea market, footl, 
children's programs. Nearby shopping and recreation areas. 
Camper ipftco, no hookups. Talk in on 1*16.20/80 and 146.34/94 
For more information: Bob Haughton, VE7B2H, Box 292 Mo 
pie Ridge. BC V2X 7G2 or phone 16041 467 4915 

WEST VIRGINIA: Thu 8ih annual TSRAC Whuel.ng Ham 
fest/Computet Fuir, Sunday. July 20, Whooling Park. 9 AM to 

4 PM. WV's inrgost. Dealers welcome. 30,000 sg ft under roof. 

5 acres of flea market. Family activities al Park. Admission $3.00 
in advance, $4,00 at door. To reserve space contact: Jay Pnulo- 
vicks, KD8GL. RD 3 Box 238. Wheeling, WV 26003 13041 
232 6736 For tickets, TSRAC. Box 240, RD 1. Adena. OH 43901 
(6141 546 3930 

INDIANA: The 16th annual Indiana ARRL Convention and In 
dimuipolts H mil for.!. Saturday and Sunday. July 12 and 13, Man 
on County Fairgrounds. Indianapolis. Featuring the largest 
electronic flea market and new Amateur Radio equipment dis¬ 
play in dm state. Gate fees 55.00 with tree parking on grounds 
Gator, ojran 6 AM, Large covered Ilea market, Inside tables $B 
each. 2m Fox Hum. homebrew contest. GSl card contest. Free 
camper hookup;: available on grounds Nearby restaurants anti 
motels. For information contact Bill Ivans. WB9BEN (3171 
745-6389 

MASSACHUSETTS: The M(T UHF Repeater Association and 
tile MIT Radio Sociuty offer monthly Ham Exams. All classes 
Novice to Extra Wednesday. July 23. 7 PM. MIT Room I 134, 
77 Mass Avenue. Cambridge MA Reservations requested 2 days 
in advance. Contact Ron Hoffmann (6171253 0160/646 1641 or 
Craige Rodgers (6171 494-1986. Exam fee $4.25. Bung copy of 
cuifunt It:unsc (if any), two form# of picture ID end completed 
form 610 available from FCC in Boston (223 66091 


OPERATING EVENTS 


“Things to do . . .” 


OHIO STATE FAIR Special Event, August 1 17. listen for 
W8TO 80*10 meters. Exchayye QTH and RST.AII correspon¬ 
dence arid requests for awards ro AHS W8TO. ntt: Smie Fair 
event coordinator, 280 East Broad St, Columbus. Ohio 43215, 

The Eastern Michigan ARC will operate K8EPV during tfre an¬ 
nual Pod Huron to Mncinar Island Yacht Race, July 19-20 14002 
lo 02002 bolh days. For certificate sendOSL and SASE to CBA 
or 6b4Gnorgia, Marysville. Ml 48040. 

High Plains ARC will operate K7YPT at histone Fort Laramie, 
July 4 and 6 QSl for business SASE to K7YPT PO Box T, 
TOMingtOn. WY 82240, 

The Texas ARRL and VHF/FM Society convention. Alamo 
City, W5SC continues the San Antonio Sosqurcenterimai 
celebration of Texas independence. July 12 lo 13. 10, 15 and 
20 meters. QSL No 10 envelope, SASE to W5SC. 90 Brees 
Blvd, San Antonio, TX 78209 

ALBANY, NY. is celebrating ns 300th anniversary. The year long 
activities will peak during Tricentennial Week. July 18-22, 1986 
The Albany Amateur Radio Association will bo providing public 
service communication for events and spucraf QSL cards as well 
as sponsoring the "Worked Albany Radio Members" WARM 
Award 

OKLAHOMA A mat uni Radio operators will conduct then 3rd 
annual "Field Day” exercises Saturday and Sunday, July 12 and 
13. lake Canton beginning 2 PM Saturday and continuing 
through noon Sunday in conjunction with the annual IARU Radi 
osporl OX Contest. For information Tin Mauldin, WA5LTM, 
Lake CnntOn Field Day. PO Box 190*37. Oklahoma City. OK 
73144 (4051 521 5048 

EAST AURORA. NY. July 27. 12th annual Racing Day Pioneer 
Radio Operators Society will operate W2QFC lo help the corn 
muriity celeiirate its hrrriUige as a turn of the century capital nl 


breeding and racing champion horses QSL with business SASE 
to W2QFC. 308 Parkdnle avenue. East Aurora. NY 14052. 

The Illinois Valley ARC will operate special event station 
KD9UL to commemorate the 25lh anniversary of manned 
spaceflight in conjunction with the Spaceweek event. 1300 UTC 
to 0100 UTC For a certificate and QSL, send SASE and your 
0SL to Bruce Boston, KD9UL 815 East Third Street, Beard 
siown. IL 62618. 

ACB RADIO AMATEURS a special-interest affiliate of the 
American Council of the Blind (ACBI will operate special event 
station KW4U from 0000Z June 79 to 2400Z July 5 from the Hil 
ton Hotel in Knoxville, TN in conjunction with ACB's silver an 
niversary convention. Submit GSL card confirming OSO with 
KW4U during convention week and recoive on attractive com¬ 
memorative certificate. Send QSl‘& to John McCann, KW4U. 
2105 N. Illinois Snoot. Arlington. VA 22205. 


CHARGE Q& 
YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 


40m Phased Array 
—the Easy Way! 



Opti*Phasor'“ by BaileyTech 

■ Change direction instantly 
a High F/B, adjustable phasing 
a Low SWR over entire 40m band 
a Just 2 dipoles gives 4 db gain 

$11Q QC Also avaiiaDie wrrn marenoa 
4> I 157.170 rjipotos and feed lines 


Check. MO, VISA, MIC 
Call Of Write lor Complete Catalog 
TET Antennas, Larsen, Hy-Gain, 
Alpha Dalta, etc. 

ns 

SULIRONiCS 

1587 U.S. 68 N Xenia, OH 45385 
(513) 376-2700 


COLLINS 
KWM-380 
. KEYBOARD 

Pijio Communica¬ 
tions Has The Key¬ 
board That Is Used 
With The Collins 
KWM-3B0 For 
Remote Enlry 

KEYBOARD MOUNTING FRAME A SHIPPING S2B 
To know more about ou» Touch-Tone' Encoders. 
CALL OR WRITE FOR FREE CATALOG & 
INFORMA t ION GUIDE 
Pijjo Communications 
P O Box 3435 • Hollywood CA 90078 

213-857-1515 -AT&T 


<pipo egommunications' 

Emphasis is on Quality A Reliability 
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The standard ol the electronics industry 
is selling a new standard lot amateur 
radio use as well 

The Fluke 77 multimeter is ideal lor 
testing and repairing any amateur radio 
gear. It's inexpensive, easy lo use, and lilted 
with professional features Plus a lull line 
of accessories lei you measure high fre¬ 
quency. high voltage and current, and tem¬ 
perature. Made in Ihe U.S.A. and tacked 
by a 3-yeai warranty, Ihe new Fluke 77 
is Ihe world's fust handheld meter lo 
combine analog and digital displays. 

For a free brochure or the distributor 
nearest you. rail toll-free 1-800-227-3800, 
ext. 229. Or write John Fluke Mlg Co.. 
Inc., RO. Bux C9090 Everett, WA 98206 
Distributor programs available 


FROM Ti ll: WORLD LEADER 
IN DIGITAL MULTIMETERS. 


FLUKE 73 FLUKE 75 FLUKE 77 
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new technique uses 
lasers to etch 
microchips 

In the traditional process for 
manufacturing ICs, as many as 100 in¬ 
dividual steps may be required. Each 
step introduces the possibility of error 
and increases the risk that the finished 
product will contain some flaw that 
renders the chips unusable. Depend¬ 
ing on the size and complexity of the 
chip, less than half of the finished 
wafer may yield acceptable chips, leav¬ 
ing the surviving chips to recover the 
entire cost of fabrication. 

Not surprisingly, 1C manufacturers 
are constantly seeking ways to im¬ 
prove yield and reduce costs. In one 
new technique, a laser used as a pho¬ 
toetching device scans the surface of 
a silicon wafer in the presence of cer¬ 
tain gases. Under static conditions, 
these gases have no effect on silicon; 
the energy of the laser, however, 
decomposes the gases into com¬ 
pounds that define active elements 
and interconnects by either etching 
away unwanted material or by depo¬ 
sition onto the substrate. The source 
and drain regions of a transistor are 
made by doping the silicon with phos¬ 
phorus, which the laser creates by 
breaking molecules of phosphine gas. 
Hydrogen chloride, which serves as an 
etchant, is activated by the thermal 
energy of the laser beam. Intercon¬ 
nects on the chip are made by similar¬ 
ly decomposing gases that contain 
tungsten, nickel, and polysilicon. 

One of the major incentives for this 
new method is a national program, led 
largely by the Departments of Defense 
and Energy, to develop new classes of 
supercomputers. Much of this work 
has been done at the Lawrence Liver¬ 
more National Laboratory, where ex¬ 


periments indicate that the technique 
can produce as many as 1000 transis¬ 
tors per second. At this rate, it would 
be possible to fabricate supercomputer 
chips — consisting of about 100,000 
transistors each — at the rate of one 
per day. 

Other exciting possibilities include 
repairing damaged high-value chips 
and turning a new design into a pro¬ 
totype chip in one day or less, as op¬ 
posed to today's turnaround time of 
one to four weeks. 

One company (XMR of Santa Clara, 
California) already offers commercial 
equipment for this technology. If the 
technique achieves its promise, we can 
expect a whole new generation of 
advanced-capability semiconductors. 

"WaferScale" integration 

Still on the subject of semiconduc¬ 
tors, and one of the major beneficiaries 
of laser fabrication, is another tech¬ 
nique just coming into its own — 
WaferScale integration. This tech¬ 
nique uses the surface of a silicon 
wafer to implement an entire function¬ 
al capability. Examples include com¬ 
plete 32-bit microprocessors, with 
memory and all relevant I/O functions, 
a "silicon" hard disk with 20Mb of 
storage, RAM speed, and all disk con¬ 
troller functions on a single wafer. 

This technique promises to make 
very complex functions available in a 
single package. But this improvement 
is not without peril. Because of the 
large amount of circuitry and the ex¬ 
tensive processing required on such 
devices, any mistake in fabrication 
results in a very expensive piece of 
scrap. Also, the large number of cir¬ 
cuits and functions possible with WSI 
makes packaging considerations a 
major concern; it may be necessary to 


have hundreds of pins on a very com¬ 
plex functional element — more than 
can now be accomodated. However, 
the general benefits of WSI seem to 
justify the complexities of making such 
devices, and within the next few 
months the first few WSI products are 
expected to be announced. 

new super-magnet 
makes smaller motors 

An essential component of many 
motors is the large, heavy permanent 
magnet associated with the non- 
excited element of the motor. Magne- 
quench™, a new product developed 
by the Delco Division of General Mo¬ 
tors, is about 25 percent stronger than 
any other known magnetic material. 

Currently, the most widely used 
high-power magnets, composed of 
samarium-cobalt, are expensive and 
difficult to manufacture. But GM's 
new material is so low in cost that the 
auto maker plans to use the material 
in starter motors on some 1986 cars. 
GM reports that only 5 ounces of the 
material are needed for the newly 
designed motors. 

This tremendous saving in weight 
and size offers several benefits. Using 
a smaller, lighter starter, for example, 
simplifies design of the engine area. 
Using Magnequench instead of con¬ 
ventional magnets in all the control 
motors of a car would presumably 
produce a measureable effect on fuel 
economy as well. 

Because samarium-cobalt is the 
material sometimes used to make very 
small, high-performance loudspeakers, 
it should be interesting to see if the 
speakers manufacturers put in our HTs 
get any better as supermagnets be¬ 
come more widely available. 

ham radio 
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REFLECTIONS 


making history 

It wasn't Chernobyl — just a few small-town hams meeting over dinner to plan the first use of Packet 
Radio in an evacuation simulation in the towns surrounding a local nuclear power plant. While packet had 
been used in similar exercises elsewhere with some success, this was a "first" for our rural area. 

Even though the task — handling incoming and outgoing health and welfare traffic — seemed straight¬ 
forward enough, there were plenty of problems to work out. There was the familiar challenge of finding 
volunteers for a weekday drill during normal working hours. There were also problems peculiar to packet 
itself. Given the relative newness of the medium, convincing the planning agencies of the viability of pack¬ 
et hadn't been easy; the drill would be a test not only of the emergency response system as a whole, but 
of the local Packet Radio system under pressure. 

Although there's plenty of packet activity in this part of New Hampshire, it isn't what you'd call a high- 
traffic area. Digipeaters are few and far between, and hilly to mountainous terrain can make propagation 
quirky at best. Then there's the complexity of the medium itself: even experienced operators have been 
known to stare at their CRTs for embarrassingly long moments of uncertainty. (The popular WORLI soft¬ 
ware includes an incredulous "What?" response for those occasions when an operator's instructed the 
packet board to do something incomprehensible or just plain silly. But while the operator may not be will¬ 
ing to admit complete and utter discombobulation, the equipment, or at least the software, is refreshingly 
frank in this regard.) 

The evacuation simulation — and its packet component — were successful. Time-critical traffic was 
received and passed immediately; less urgent traffic was received, stored on a packet bulletin board, and 
then forwarded to the National Traffic Service (NTS) or other packet stations well within deadlines. 

Packet radio is here. It's hot, growing like crabgrass, and becoming both more accessible and affordable 
by the day. How hot? The first printing of Jim Grubbs, K9EI's book, Get *** Connected to Packet Radio, 
was sold out in only 60 days. Manufacturers say they're just barely keeping up with demand for new equip¬ 
ment. Experienced packeteers upgrading to new equipment have no trouble selling their old TAPR-Ts at 
hamfests. There's no question that younger hams, particularly in urban areas, are turning to packet in im¬ 
pressive numbers. Senior hams maintain a smaller but conspicuous and growing presence. 

There is help for newcomers: Jim's book, for example, and instructional videotapes available from Kan- 
tronics and TAPR go a long way toward demystifying Packet Radio. And like the legendary Scout who 
escorted the elderly woman across the street against her will. Packet operators bring missionary 
zeal to their avocation. It isn't difficult to get them talking about Packet Radio; it is difficult to make them stop. 

Sometimes we'll hear someone who's read about Packet but not tried it say that it just doesn't make 
any sense. And sometimes somebody who's tried it will insist that it still doesn't make any sense. Packet 
is new and anything but simple; it has been suggested that if some operators, particularly in high-traffic 
urban areas, were more patient with newcomers — at least as patient as WORLI's software, with its en¬ 
dearing "What?" response — Packet Radio might experience less attrition. 

It's one thing to get Amateurs into Packet Radio and another to keep them there. Affordable equipment 
and accessible technology will get them there; patience will keep them. 


Dorothy Rosa, KA1LBO 
Assistant Editor 
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de W9JUV 


A "NEW ELECTRONIC COMMUNICATIONS PRIVACY ACT HAS PASSED by the House and sent to the 
Senate June 12. The new act, HR-4952, is essentially a somewhat tempered rewrite of the bill 
approved by Rep. Kastenmeier’s subcommittee May 14 (see July Presstop 1. This version, which 
received House Judiciary Committee approval June 10, is much less "hardline" than the previous 
HR-3378 which, for example, would have made the mere "interception" of a protected transmission 
illegal — even if it were scrambled and thus unintelligible to the person who’d tuned it in! 
Under this new version, no crime occurs unless there is an "acquisition of the contents” — a 
change suggested by the Association of Ncnrth American Radio Clubs. 

The Definition of "Readily Accessible To The General Public 1 ' has also been improved and 
clarified. To be off-limits under HR-4952, a transmission would either have to be scrambled or 
encrypted, use "secret" modulation techniques, be carried on a subcarrier or via satellite, 
transmitted by a common carrier (but not paging), or on broadcast link frequencies. 

Specifically not protected are government, law enforcement, public safety, aeronautical, 
marine, CD, cordless telephones, and of course. Amateur, CB, and CMRS. 

Unfortunately. Even Though This Bill Is Much Less Objectionable than its predecessor, it 
still suffers from the same basic defects discussed at length in the February, 1986 ham radio 
editorial. It takes away an established right, that of tuning a radio wherever one wishes, and 
then restores it piecemeal. And it’s still an unenforceable attempt to provide an illusion of 
privacy (by Congressional mandate) to a private industry, cellular radio. 

The Bill Has Now Gone To The Senate Where It’3 Been Adopted , word-for-word, as S-2575. 
Though one Senate aide has said he expects the bill "to move pretty quickly" now that it’s 
received House approval, it's sure to receive some critical Senate scrutiny. Nevertheless, full 
Senate approval could come as early as late July after the Senate returns from it3 July 4th 
recess. ANARC has asked the Senate Subcommittee on Patents, Copyrights, and Trademarks to hold 

at least one additional hearing before bringing the bill to a vote. 

Even If Th is Version Of The Comm unications Privacy Act Becomes Law in its present form. 
ANARC, in particular, along with SCAN, several Amateur Radio publishers, and many others who 
wrote their legislators still deserve most of the credit for making the bill’s provisions far 
less onerous and restrictive than they almost certainly would have otherwise been. 

OSCAR 10 IS OFF THE AIR, QUITE POSSIBLY FOR GOOD. Its problem surfaced as a major memory 
malfunction in the satellite’s Integrated Housekeeping Unit (IHU) on May 17, and since then 
attempts to communicate with OSCAR 10 and perform damage control procedures have had little 
success. The best hope now is that battery discharge during an early fall eclipse period may 
permit the IHU problem to correct itself so at least some control can be regained when the 
solar panels come back into sunlight and recharge the batteries. 

Launch of JAMSAT’s JAS-1 Satellite Is Still On Schedule for July 31 at 2030 UTC. Real-time 

launch coverage will be provided by HA3NAN on 3855 and 14280 kHz. JAS-l has two Mode J 

transponders, one for CH/SSB and the other providing four channels for Manchester-coded FM 
digital communications. Uplink for CH/SSB is 145.9-146.0 MHz; downlink will be 435.8-435.9 MHz. 
Beacon frequency is 435.795 MHz; estimated period 120 minutes. 

Two New Ru33lan Satellites. RS-9 And RS-10 . are now thought to have successfully passed 
pre-launch checkout procedures and will probably be launched sometime this summer. 

FCC IS MOVING TOWARD IMPLEMENTING LAND MOBILE ON 421-430 MHz near Detroit, Cleveland, and 
Buffalo. Last fall Land Mobile became the primary 421-430 MHz service within a 50-mile radius 
of the center of each of these cities, 30 as secondary users Amateurs below "Line A" (the line 
marking the area along the Canadian border that protects its land mobile from possible U.S. 
Amateur interference) must avoid interference with operations in those cities. 

ARRL Has Asked The FCC To Require Land Mobile Users in those cities to keep base and 
satellite receivers within 30 miles of each city’s center and use tone-coded squelch, in order 
to minimize interference from Amateurs operating legally outside the protected area. 

THE "ARCHIE AND HIS FRIENDS" AMATEUR RADIO COMIC BOOS is nearly finished, and should be 
ready for distribution when school opens in September. Developed by Archie Comics, it’s aimed 
at 9- to 15-year-olds and features Archie and his pals sharing the fun of Amateur Radio. Half 
the funding for the 32-page promotion was provided by the Amateur Radio Industry Group that’s 
been working on boosting Amateur Radio, with ARRL picking up the other half. 

RESPONSIBILITY FOR MAINTAINING THE AMATEUR RADIO EXAMINATION QUESTION POOL is likely to 
pass to the Amateur Radio community as the result of imminent FCC action on that proposal. 
Though the proposal drew concerns that it could compromise VEC program integrity, or that it 
would result in a lack of uniformity between different VEC’s exams, cutbacks in government 
spending and the consequent need to reduce FCC staff workload make delegation almost certain. 

A "YOUNG HAM OF THE YEAR" AWARD HAS BEEN ESTABLISHED by the Westlink Report to be presented 
at the "Ham-West” Amateur Radio Convention in Las Vegas each November. Any U.S. licensed 
Amateur under is eligible, and selection will be based upon his or her contributions to 
community, nation, communications technology, and/or the promotion of the Amateur Radio 
service. Yaesu has joined West!1nk Report in sponsoring the award, and will provide the winner 
with a Yaesu transceiver plus transportation to and a room at the convention. Nominations 
should go to Westlink Report, 28197 Robin Avenue, Saugus, California 91350. 
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odd antennas 

Dear HR: 

In his letter to the editor (February, 
1986, page 9) C.N. Francis, WOMBP, 
posed a number of interesting but 
soluble questions about what he calls 
"odd antennas." I will attempt to an¬ 
swer his questions in the order he 
presents them. 

His first query deals with what is 
commonly called the Extended Double 
Zepp antenna. While the extension 
principle involved in the Extended 
Double Zepp is a cost-effective means 
of achieving gain in the high frequency 
bands, the antenna does have faults. 
First, the boresite lobe has poorly sup¬ 
pressed (i.e. less than 10 dB) adjacent 
lobes at about ±53 degrees. 1 Second, 
as a non-resonant antenna it will al¬ 
ways present a complex impedance at 
the driving point. At VHF and UHF, 
where wavelengths represent small 
physical distances, far more tractable 
antennas can be built using half wave¬ 
length segments. For instance, a two- 
element, half wavelength, parasitic 
beam can yield about 5 dB of forward 
gain, a front to back ratio, and a reason¬ 
ably clean pattern. Alternatively length¬ 
ening the Extended Double Zepp to 
three half wavelengths and bending it 
forward slightly about its midpoint will 
produce a radiator with almost 3 dB of 
forward gain, a good pattern, and being 
resonant present a convenient driving 
point impedance. 2 

Next Mr. Francis describes three an¬ 
tennas which are composed of asym¬ 
metric dipoles which he confuses with 
the Windom Antenna. While this mis¬ 


take is commonly made it should be 
noted that there is no relationship be¬ 
tween them.The asymmetric dipole 3 
has a number of faults, among which 
are: (1) The pattern is skewed. (2) Due 
to the lack of symmetry there is a 
strong tendency to develop antenna 
currents on the transmisison line. (3) 
The feedpoint position can't be pre¬ 
dicted but must be found experi¬ 
mentally—this can be a difficult job. In 
addition to the above problems the 
three arrays described have progres¬ 
sive phase shift across their surfaces. 
Thus each element will have a differ¬ 
ent mutual impedance acting on it, and 
each element will then have unique im¬ 
pedance characteristics. Under these 
conditions locating the proper driving 
points is much like adjusting the length 
of a chair leg. 

In his final group of antennas, Mr. 
Francis uses a hybrid arrangement of 
a Windom feed and a 225 degree load 
ing section. Probably much of the 
problem at this point is confusion 
about Windom principles. Some recit¬ 
ation of history may help. 

In the early days of radio, commun¬ 
ication was carried on at low frequen¬ 
cies. At these low frequencies (long 
wavelengths) the propagation mode is 
surface wave, which mandates verti¬ 
cal polarization. At that state of the art, 
vertical radiators long enough to a- 
chieve first resonance simply did not 
exist. Thus most antennas were oper¬ 
ated as electrically short radiators with 
all the commensurate problems of 
poor efficiency and poor current dis¬ 
tribution. Somewhere along the line it 
was discovered that a horizontal con¬ 
ductor, connected symmetrically to 
the end of the vertical member, would 
raise the radiation resistance and im¬ 
prove the current distribution on the 
vertical radiator. This of course was 
the birth of the "T" antenna. Since the 
currents in the loading section were 
equal and opposite, its radiation was 
suppressed. Later when higher fre¬ 
quencies and ionospheric propagation 
modes came into use more interest de¬ 
veloped in horizontal polarization. In 
1929 Everitt and Byrne 4 described a 
modification to the "T" in which a res¬ 


onant horizontal section is fed about 
13-1/2 degrees off center with a ran¬ 
dom length of single wire feeder. Radi¬ 
ation is suppressed in the lead about 
3 dB, and due to the lack of symmetry 
useful radiation was obtained from the 
flattop. This antenna was described in 
QST 5 by Loren Windom W8GZ, and 
inherited his name. Unfortunately Mr. 
Francis misses the point that the 
superstructure must be of resonant 
length and not 225 degrees. What are 
described in the letter are radiating sin¬ 
gle wire transmission lines, top loaded 
with pathological superstructures. For 
instance in the BBBC arrangement 
radiation from the top half of the load¬ 
ing section would be cancelled by the 
out of phase radiation from the lower 
half. 

In short, all of these antennas could 
be made to radiate in some fashion, 
however, they all lack practicality, 
which could be solved by using simp¬ 
ler and more conventional structures. 

references 

1. John Kraus, Antennas, McGraw Hill Book Com¬ 
pany, New York, 1950, page 317. 

2. Y.T. Lo, "TV Receiving Antennas," in Jasik's An 
tenna Engineering Handbook, McGraw Hill Book com¬ 
pany, New York, 1961, 

3. R. W. P. King, Theory of Linear Antennas, Harvard 
University Press, Cambridge, Massachusetts, 1956. 

4. W. Everitt and J. Byrne, Proceedings of the I. R.E , 
October, 1929. 

5. L. Windom, "Notes on Ethereal Adornments," QST, 
September, 1929. 

Robert B. Sandell, W9RXC 
Urbana, Illinois 61801 

short circuit 

VHF/UHF world 

References 8 and 9 were omitted from 
WIJR's July column. They should 
read as follows: 

8. Joe Reiser! W1JR, "VHF/IJHF World; Stacking 
Antennas - Part 1", ham radio, April, 1985, page 129. 

9. Joe Reisert, W1JR, and Gary Field, WA1GRC, RF- 
CAD Version 3.6 x : Computer-Aided Design Package 
for Radio Frequency and Microwave Circuits and 
Antennas, available from Ham Radio's Bookstore, 
$39.95 plus $3.50 postage and handling. 


s- SHORT CIRCUIT HOTLINE ~n 

Building a current ham radio project? Call the 
Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM — Eastern time — before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

'- 603- 676- 1441 - ' 
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a packet radio TNC 

for the IBM PC 


Single plug-in board 
extends usefulness 
of popular pc 
to digital communications 

The advent of the IBM Personal Computer, with 
its open and well-documented architecture, has made 
it possible for hobbyists to extend the use of the 
microcomputer into many varied and challenging 
areas. This article describes a complete packet radio 
terminal node controller which can be implemented 
on a single circuit board that plugs into one of the slots 
in the PC. All that's required to get on the air is to 
connect up an Amateur Radio transceiver (see fig. 1). 

the TNC: basic packet building block 

Traditionally, packet radio has been achieved 
through the use of a device called a terminal node con¬ 
troller, or TNC. A TNC consists of a processor (such 
as the 8085 or Z80), a serial or parallel port to connect 
the TNC to a terminal or microcomputer running a ter¬ 
minal emulation program, and a synchronous port for 
the communications channel. A certain amount of 
RAM (random access memory) is available, and the 
necessary programming is provided on ROM (read 
only memory). 

Because a TNC contains many components that are 
already present in our microcomputers, merging the 
function of the TNC into the microcomputer is an 
effective way to reduce the cost of a packet radio sys¬ 
tem. With suitable programming, the function of the 
TNC can be implemented in the microcomputer at a 
fraction of the cost of a separate TNC. There's a 
bonus, too, in that a higher level of function is availa¬ 


ble to the user because of the close coupling of the 
channel to the host processor. 

In this implementation, an Intel 8273 programma¬ 
ble SDLC/HDLC protocol controller chip is interfaced 
to the bus in the IBM PC. This can be built on a pro¬ 
totype card or on a custom-printed circuit board. It's 
also possible to construct, on the same card, a sim¬ 
ple but effective 1200-bps Bell 202-compatible half¬ 
duplex modem, a device in widespread use among 
packet radio enthusiasts. Software that runs the stan¬ 
dard AX.25 packet radio protocol is available. The 
adapter is called the HAPN-1 adapter; HAPN stands 
for "Hamilton and Area Packet Network," the name 
of our packet radio club. 



I hardware 

The circuit shown in fig. 2 uses an 8273 (U6) inter¬ 
faced to the PC bus and a 1200-bps modem which can 
be connected to an Amateur Radio transceiver. The 

By Jack Botner, VE3LNY, Ron Bradshaw, 
VE3IUV, Max Pizzolato, VE3DNM, and John 
Vanden Berg, VE3DVV, Hamilton and Area 
Packet Network, Box 4466, Station D, Hamilton, 
Ontario, Canada L8V4S7. 
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8273 chip, called the protocol controller, is the most 
important part of the adapter. 

The 8273 data lines are connected to the PC bus 
using a 74LS245 three-state buffer U1. The state and 
direction of the 74LS245 are controlled by the I/O 
Read and I/O Write lines and the I/O decode logic. 
The I/O decode circuit, made up of U2, part of U3, 
and U5, responds to addresses in the range of 310 
through 31F (hexadecimal notation). The 8273's 
address requirements are met by a 74LS139 two- to 
four-line decoder (U2). 

Data transfers to and from the 8273 may be done 
using polling, interrupts, or Direct Memory Access 
(DMA). This design uses interrupts, because they're 
easy to implement and permit a form of background 
operation that doesn't require running the packet 
application program constantly. The 8273 provides 
separate interrupt signals for transmit and receive (Tx 
Int and Rx Int, pins 2 and 11, respectively). The two 
interrupt lines are ORed together (part of U13) so that 
the adapter uses only one of the PC's hardware inter¬ 
rupt lines. The software can easily distinguish between 
transmit and receive interrupts by reading the 8273 sta¬ 
tus register. The combined interrupt line is buffered 
to the PC bus with a 74LS125 three-state bus buffer 
(part of U10) and is wired to the PC's IRQ2 interrupt 
line. IRQ2 was chosen because it is the least frequently 
used interrupt line in the PC. The circuit allows the 
interrupt line to float on the bus until the 8273 is initial¬ 
ized and the PB3 control port on the 8273 is activated. 
This means that the card can share IRQ2 with other 
hardware as long as the other device also floats its 
IRQ2 line when not in use and the two devices are not 
used at the same time. 

clock signal 

The 8273 features a digital phase-locked loop which 
makes it possible to derive the synchronous clock sig¬ 
nal from the receiver data stream, a feature that greatly 
simplifies the design of the hardware. Pins 27 and 28 
of the 8273 (Tx Clock and Rx Clock) are tied together 
to pin 23 (DPLL output). The 32X clock signal is 
provided by a 4040 binary counter (U8), giving a selec¬ 
tion of data rates from 75 to 9600 bps by jumper or 
dip switch. A 4.9152 MHz crystal oscillator (U9) pro¬ 
vides the clock signal for the 8273 and U8, the baud 
rate divider. 

modem 

The modem uses a pair of Exar chips, the 2206 func¬ 
tion generator (U11) and the 2211 FSK demodulator 
(U7). The 2206 generates the two tones, 1200 and 2200 
Hz, used for transmit; the 2211 decodes the two tones 
from the receiver audio. Two control signals are re¬ 
quired by the 8273: Carrier Detect (CD, also known 
as DCD or RLSD in various contexts), indicating that 


the radio channel is busy, and Request to Send (RTS), 
indicating that the 8273 wants to transmit. 

channel busy indication 

The CD signal (channel busy indication) can be der¬ 
ived two ways, either internally by using the data car¬ 
rier detect (DCD, pin 5) from the 2211 or externally 
by using the squelch from the receiver. Using the 
squelch to indicate the radio channel busy condition 
is superior but usually requires modifications to the 
radio. It guarantees, however, that the system will not 
transmit when another signal — possibly voice or 
some other non-data signal — is present on the chan 
net. The internal DCD from the 2211 signals only when 
actual data is being received. This is the recommended 
way when no squelch line is available or the QRM level 
is high, such as 20-meter operation. 

To use the internal DCD, install jumper J2. The 2211 
checks the incoming signals for data and signals DCD 
to the 8273. To use the squelch CD, install jumper J1. 
The two resistors and zener diode convert the squelch 
signal from the radio to a TTL level. The signal is 
debounced by using a 74LS14 Schmidt trigger inverter 
gate (part of U3). An example of the squelch pickup 
from the radio is given in fig. 3. 

transmit mode 

To transmit, the 8273 brings up RTS, which trig¬ 
gers U12a (CTS-delay single shot) and brings up PTT 
via U4 pin 5 (negative or gate) and the 2MPS-A05 
switching transistor (Q2). The U12a single shot allows 
the radio to stabilize when going into transmit before 
sending data; this function is called the clear-to-send 
delay. When U12a times out, the watchdog timer 
U12b starts, bringing up the CTS line for the 8273. This 
signals the 8273 to send the data. At the same time, 
it continues to activate the PTT line via U4 pin 4. When 
the 8273 is finished transmitting it drops RTS, which 
applies a reset to the watchdog single shot, causing 
it to drop the PTT line. If for any reason the RTS line 
stays up too long (as in a crash of the system, for 
example) the watchdog times out after about 22 
seconds and shuts down the transmitter, releasing the 
radio channel to other users. Transistor Q1 enables the 
tones on the 2206 only when RTS is up (i.e., when 
8273 is transmitting), so that there's no interference 
audio from the modem when the microphone is used 
for normal voice conversation. 

Figure 1 shows how the adapter can be hooked up 
to a handheld radio. The TX-audio line is connected 
to the microphone audio input by means of a shielded 
cable. The receiver audio and PTT are taken from the 
speaker plug. Remove jumper J1 and install it at J2 
to use the DCD line from the demodulator. For best 
performance, adjust R1 (a 50 k trimpot) for about 3- 
kHz deviation. 
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Integrated circuit voltage and ground pinouts. 


1C 

Type 

Gnd 

+ 5 

+ 12 

U1 

74LS245 

10 

20 

— 

U2 

74LS139 

8 

16 

— 

U3 

74LS14 

7 

14 

— 

U4 

74LS00 

7 

14 

— 

U6 

74LS21 

7 

14 

— 

U6 

8273 

20 

40 

— 

U7 

XR2211 

4 

— 

1 

U8 

CD4040 

8 

16 

— 

U9 

74LS04 

7 

14 

— 

UTO 

74LSI25 

7 

14 

— 

U11 

XR2206 

12 

— 

4 

UT2 

74LS221 

8 

16 

— 

U13 

74LS00 

7 

14 

- 


TNC to 2-meter radio interconnections 

Figure 3 shows a hookup to an IC22s 2-meter radio. 
Here the TX-audio is inserted after the audio pre-amp, 
Q29, in the IC22s. If a DTMF (touchtone) input is avail¬ 
able, it could be used instead. A 390-ohm resistor takes 
off the RX-audio before the volume control. The PTT 
goes to the front panel microphone connector. Tran¬ 
sistor Q100 inverts and buffers the radio squelch. All 
the connections are brought out via the utility con¬ 
nector on the back of the radio. An audio output of 
about 1000 mV will give you about 3-kHz deviation on 
transmit. Remove jumper J2 install it at J1 on the 
packet adapter board. Set the CTS delay (R2) for 
about 300 msec; if it's set too short, the beginning of 
the transmitted frame will be missing and therefore 
impossible to copy. If it's too long, time will be wasted 
transmitting idle flag characters. 

combining TNC with the host 
computer simplifies system design 

In the traditional TNC, the programming is supplied 
on a ROM 1C chip, and is relatively invisible to most 
users. In the HAPN implementation, the software is 
supplied as programs on a diskette, which are run like 
any other program on the PC. 

One of the limitations of the traditional TNC is the 
loose coupling, or distance, between the TNC and the 
microcomputer acting as the terminal. By necessity 
the TNC strips the packet data down to the most ele¬ 
mental level, that of a serial stream of characters. This 
makes it difficult for the host computer to learn any¬ 
thing about what's going on in the TNC at the packet 
level. On top of this is placed a layer of commands, 
escape characters, and flow control, making even the 
best of packet host programs appear clumsy and un¬ 
friendly. 

But including the packet hardware in the PC itself 
overcomes all of these problems. The programmer is 
free to design the software — particularly the end-user 
interface — in any way desired, without the need to 
compromise for the TNC interface. The result is a high- 
function packet system with a friendly user interface. 


HAPN packet software 
implementation 

In order to make effective use of the 8273, the fol¬ 
lowing must be included: 

• a BIOS (Basic Input/Output SystemHike hardware 
driver that can be loaded as an extension to the sys¬ 
tem to drive the 8273; 

• a protocol manager with an application program 
interface; and 

• an application program that is run at the discretion 
of the user. 

In addition, the 8273 must be made to operate in 
the background so that the node represented by the 
8273 can be active all the time. 

These requirements can be met by developing the 
software in at least two programs. The first program, 
M25, contains the hardware driver, protocol manager, 
and application program interface. The second pro¬ 
gram, C25, makes up an end-user application pro¬ 
gram. Since the 8273 operates on interrupts, no appli¬ 
cation program assist is necessary to receive or 
transmit data. Total independence from the applica¬ 
tion program has been achieved by using the PC's 
timer tick hardware interrupt exit as the protocol 
manager's dispatcher for scheduling events. 

M25, the hardware driver module, contains a num¬ 
ber of distinct functions and is made up of several rou¬ 
tines. These routines have been link-edited to make 
up one program, which is run once after the system 
has been booted to become a resident operating sys¬ 
tem extension. 

The application program, C25, contains a set of end- 
user functions primarily concerned with the sending 
and receiving of data. It can be used to activate the 
hardware functions in M25 via the application program 
interface. C25 would be run any time the user wishes 
to access the packet node; otherwise the PC can be 
used to run other application programs. 

The main function of M25 is to service interrupts 
from the 8273, so that data can be transferred into and 
out of the channel. The interrupt handling routine is 
divided into two parts, one that handles transmit and 
one that handles receive interrupts. During its opera¬ 
tion the 8273 generates interrupts for each byte trans¬ 
mitted or received, as well as for various transmit and 
receive frame complete events. Also a variety of error 
conditions may be reported to the processor — for ex¬ 
ample, when a frame has been received with an invalid 
CRC (cyclic redundancy check) field, generally caused 
by noise.’ 

The receive interrupt handler stores each byte of a 
frame in a buffer. When the frame is complete the 8273 
generates another interrupt. At that point the frame 
may be inspected to make sure it's free of errors and 
is valid by the rules of protocol in use. Frames that 
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contain errors are simply discarded. If a valid frame 
is received, some link-level protocol management is 
performed on the frame before exiting the interrupt 
routine. An example of this processing would be to 
look for connect requests and queue a response when 
one is received. It's also possible to delete request 
frames from the transmit queue after a valid response 
has been received. 

The transmit interrupt routine passes each byte of 
the frame from a buffer to the 8273 as required. When 
the frame has been completely transmitted, the 8273 
generates an early frame complete interrupt. At this 
time the software can decide if another frame should 
be transmitted in the same packet. In the AX.25 pro¬ 
tocol, up to seven frames may be transmitted in one 
packet. If another frame is available, a command is 
issued to the 8273 to transmit another frame during 
the current transmission. The 8273 automatically 
inserts a byte of flags between frames sent in this way. 

When the packet is complete the 8273 generates a 
transmit complete interrupt. The software uses this 


interrupt to do some protocol management on the 
transmit queue. For example, because request frames 
may have to be retransmitted at a later time, they're 
left on the transmit queue until they're acknowledged; 
response frames, on the other hand, are transmitted 
only once and may be deleted from the transmit queue 
at this time. 

In this implementation an OR gate is used to drive 
both transmit and receive interrupts on the same IRQ 
line to the PC's 8259 interrupt controller. M25 distin¬ 
guishes between them by reading the 8273's status 
register, which contains two bits that specify which 
type of interrupt was generated. It's interesting to note 
that because of noise on the channel, the 8273 occa¬ 
sionally becomes confused and generates interrupts 
that cannot be identified by the status register. When 
this kind of error occurs, M25 issues a software reset 
command and then re-initializes the 8273 to ensure 
correct operation. Statistics are kept on the various 
events that occur in the packet system, and may be 
displayed by the user. 
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INC adapter parts list (fig. 2). 

CR1 

1N5231 (5.1 volts 5 percent zenerf 

Cl 

10 fiF tantalum 



Xtai 

4.9152 MHz 

C2 

330 >tF tantalum 

R1 

50k trimpot 

Q1 

2N3904 

C3 

.001 ,<F 

R2 

100k trimpot 

02 

MP5-A05 

C4 

10 (tF tantalum 

R3 

10k trimpot 

J1/J2 

2 pin jumper connector 

C5 

022 n F 

R4 

10k trimpot 

J3 

8-position DIP switch 

C6 

1 )iF tantalum 

R5 

10k trimpot 

DB-9 

(melel printed circuit board connector 

C7 

.01 ,,F 

R6 

5. Ik 



C8 

1 ftF tantalum 

R7 

5.1k 



C9 

1 ,-F 

R8 

220 

U1 

74LS245 

CIO 

15 ,,F 

R9 

15k 

U2 

74LS139 

C11 

.027 ,.F 

R70 

33k 

U3 

74LS74 

C12 

.0022 t.F 

R12 

2.2k 

U4 

74LS00 

C13 

.01 \iF 

R13 

100k 

US 

74LS21 

C14 

• 1 l‘F 

R74 

Ik 

U6 

8273 

C15 

.01 ,,F 

R11, IS. 16,18,19 

4.7k 

U7 

XR 2211 



R17 

470k 

U8 

CD 4040 



R20 

510k 

U9 

74LS04 



R21 

100k 

UIO 

74LS125 



R22 

30k 

U11 

XR 2206 



R23 

18k 

U12 

74LS221 



R24 

390 ohms 

U13 

74LS00 



R25 

680 ohms 







i.C. Sockets: Seven 74-pin 



AH resistors 5 percent 1/4 watt 


Four 16-pin 



70-turn trimpots recommended for R3, 

R4, and R5 

One 20-pin 






One 40-pin 




M25 contains a dispatcher routine that runs period¬ 
ically. Its purpose is to manage timeouts and initiate 
events as they're required by the protocol. The timer 
tick interrupt, which is issued every 55 milliseconds 
on the PC, is a convenient way to give control to the 
dispatcher for this purpose. The dispatcher monitors 
the channel for activity and initiates frame retransmis¬ 
sions when timeouts occur. A random number gener¬ 
ator produces the timeout value so that repeated col¬ 
lisions with another station can be avoided. The dis¬ 
patcher also keeps track of the number of retransmis¬ 
sions and produces a loss of contact condition when 
a preset limit is reached. Because it's driven from the 
timer hardware interrupts, the dispatcher runs inde¬ 
pendently of any programs on the PC. 

M25 also contains the application program interface. 
This interface allows a program running on the PC to 
access the 8273 channel. Interface functions include 
open, read, write, inquire, modify, and close. Note 
that the application program issuing the open does not 
have to close before terminating; this means that the 
packet node will continue to operate regardless of 
what program is run next on the PC. An alarm fea¬ 
ture is also included so that the user is alerted if a con¬ 
nect request is received. The application program in¬ 
terface uses a software interrupt, level 84 (hex), for 
access by programs. 

M25 includes an installation routine for loading itself 
into memory and becoming resident. Storage is re¬ 
served for transmit and receive buffer pools and a trace 
table. The application program interface vector is 
loaded so that the 8273 driver interface can be access¬ 
ed. However, packet operation doesn't begin until it's 
initiated by an open request from an application pro¬ 
gram such as C25. 
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fig. 4. HARM adapter board plugs into IBM PC slot. 


C25, the end-user application program, is an ordi¬ 
nary DOS program designed as an interface between 
the user (keyboard, display) and the packet channel. 
It tests to see if the 8273 driver is installed and issues 
various requests to the 8273 driver application program 
interface. 

data entry 

The user of a packet node is mainly interested in 
sending and receiving data. This data may be entered 
through the keyboard or read from a disk file. Received 
data is displayed on the screen and may be saved to 
a disk file if desired. Other control functions include 
initiation of a connect request and specification of 
repeater linking information. 

viewing the screen 

The screen is divided into three areas: one for dis¬ 
playing received data, another for displaying typed 
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input, and a third for indicating status. The receive 
data display area, the largest of the three, scrolls when 
it fills up. The typed-input area is two lines (160 charac¬ 
ters) long. No data is transmitted until the return key 
is pressed, and a comprehensive set of editing func¬ 
tions is provided so that the user gets an opportunity 
to change the typed data before it's transmitted. The 
status area shows information such as lock key sta¬ 
tus, active function keys, and node callsign and link¬ 
ing repeater information. 

other user-friendly features 

C25 includes several convenient features. One, the 
scroll lock key, temporarily stops the screen from 
scrolling. Another automatically generates, upon re¬ 
quest, a test message containing your callsign, the 
date, and time. 

C25 also contains a self-customizing routine so that 
the program options can be set by each user. Program 
options are stored inside the program module rather 
than in a separate file, making C25 more convenient 
to run. A pop-down menu is provided for entering and 
displaying repeater information. 

There are two exit options from C25: one issues a 
close to terminate packet operation and one does not. 
In the latter case the packet node is left operational 
while other programs are run on the PC. When C25 
is run again later it will pick up the status of the packet 
node using an inquiry call to the application program 
interface. 

Two utility programs are provided in addition to the 
basic functions described above. S25 formats either 
the packet trace table or the packet statistics coun¬ 
ters. The trace table is useful for analyzing events such 
as protocol violations, in which two nodes appear to 
misbehave for no apparent reason. T25 is a test pro¬ 
gram with a number of functions for testing and set¬ 
ting up the 8273 adapter. It can be used to test the 
8273 and bus interface hardware and to perform 
adjustments on the modem. 

building the adapter 

The adapter shown in fig. 2 can be constructed on 
a readily available prototype board for the IBM PC. 
Consult the technical reference for details of the 
board's edge connector. 4 Although any suitable con¬ 
nector may be used, a DB-9 male connector was used 
for the transceiver interconnection. The only critical 
components are the frequency control trimpots in the 
modem, R3, R4, and R5. It's a good idea to use multi¬ 
turn trimpots for these components. You should also 
use stable mylar or polyester capacitors in the circuits 
around the 2206 and 2211. 

When connecting the adapter to a transceiver, be 
careful to use good quality shielded wire for the trans¬ 
mit audio lead. It's also a good idea to bypass each 


end of the cable with a 0.001 n F capacitor and place 
a ferrite bead over the center conductor at each end. 
This will prevent RF pickup, which can cause erratic 
operation of the system and transmission of garbled 
signals, into the transmit audio circuit of the trans¬ 
ceiver. 

It's good practice to bypass the + 5-volt supply lead 
to each 1C with a 0.1 /tF tantalum capacitor. Other¬ 
wise, layout and wiring are not critical, if good con¬ 
struction practice is used. For those who prefer not 
to wire their own boards, both bare boards and assem¬ 
bled and tested boards are available from HAPN. 

adjusting the adapter 

After the board has been assembled and checked 
for shorts, it's ready for testing. The first test is an 
internal loopback test of the 8273 using T25.EXE, the 
test program supplied with the software. This tests the 
data buffers (U1), the 8273, address decoding, and the 
clock circuit. 

Now adjust the modem. Start by setting up the two 
transmit frequencies, FI and F2. Float U11 pin 10 to 
enable the tones. Then float U11 pin 9 and adjust R3 
for 1200 Hz (use a frequency counter or an accurate 
scope). Next ground U11 pin 9 and adjust R4for 2200 
Hz. If the output is too low for the frequency counter, 
adjust the level control, (R 1 ). 

Next adjust the CTS delay by putting a scope on 
U12 pin 13 and key up the transmitter (using C25.EXE). 
Adjust R1 for 100-500 milliseconds, depending on how 
fast your rig switches from receive to transmit; a value 
of 300-400 milliseconds works well for most rigs. 

Demodulator adjustment is a bit more tricky. You 
have to jumper the connecter pin 2 (Tx audio) to pin 
4 (Rx audio) and float U11 pin 10 to enable the tones. 
When C25 has initialized the 8273 it will transmit flags 
as 1's and 0's. Adjust R5 so the waveform at U7 pin 
7 looks the same as on U11 pin 9. 

The remaining adjustment is of the audio level (R1) 
going to the radio. The level varies widely with the type 
of hookup into the radio. Adjust this level so the devi¬ 
ation is approximately 3 kHz on the transmitter. This 
completes the adjustments. 

a note on HAPIVI 

The following items may be ordered from HAPN. 
All prices are in United States dollars and include post¬ 
age and handling. 

• Software only (four programs and documentation), 
$40. 

• Software and bare board (includes set-up program 
and assembly instructions), $75. 

• Software and assembled and tested board (see fig. 
4), $199. 

Please add $3 for overseas orders. 

The HAPN adapter will run on any IBM PC, XT, AT, 
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Turn Your Computer Into A 

DIGITAL 

STORAGE 

OSCILLOSCOPE 

And More With The 

MB230 WORKSHOP 


$129.95 

(C64 Version) 

r. mm 


INTERFACE UNIT 


The MB230 is designed lor use with your home or personal computer, It 
is a complete Electronic instrument and Electro-Mechanical Workshop 
which contains Interface Unit. 0 C Motors. Gears. Sensors, 
Construction Components. Disk Based Software and instructions for 50 
sample projects. 

Included are: 

• Digital Storage Oecilloscopo 

• Digital Voltmeter 

• • Digital Speech & Sound (Record/Playback) 

.' ""ji • A/D-D/A Conversion 

• DC. Motor Control (Var. Speed) ffljBHll» 

• Infrared Control Pv - - -J>a 

• Motors. Gears, Generators 
voltmeter , Motorized Mochonical Robotics || 

• Cars. Cranes. Toys, Elc. ^ . _ v 

MOTOR AND GEARS 


The heart of the MB230 Workshop is the B100 Interface Unit which 
connects to all types of sensors and is able to control lights, motors, 
relays and other external devices. The MB230 manual contains 
suggestions and instructions for many advanced projects such as 
antenna positioning and relay control. 

Available for Ihe following computers: 

Commodore 64 (S129.95). Apple 2*. 2E ($159.95). 

Atari 800 ($139.95) 

Coming soon for IBM, Amiga. Atari 520ST 

To order or for more information call toll free 1-800-824-2549 
Cashier s check. Money order, VISA, or Mastercard ordors accepted 

Order now to avoid delay! 

ALL ORDERS SHIPPED UPS BLUE 
AT NO EXTRA CHARGE 


or compatible computer with at least 128K memory 
and a display capable of 80-column text. The card is 
8.5 inches (21.6 cm) long. 

Orders should be addressed to HAPN, Box 4466, 
Station D, Hamilton, Ontario, Canada, L8V4S7. 

Dedicated to furthering the state of packet radio, 
HAPN is currently involved in the design of a station 
node controller. The station node controller is capa¬ 
ble of unifying a packet radio network by providing 
message routing, gateways, and high-speed links to 
other station nodes. 

HAPN is also involved in experimentation with 4800- 
baud modems and with V3, the newly developed 
VADCG protocol. HAPN has experimental VI and V2 
software that runs on the adapter described in this arti¬ 
cle; for more information, contact HAPN at the above 
address. 
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• HF Beam Antennas 
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chase dated July 1 to September 30, 1986. 
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number and price. 

• Rebate: 
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purchased with Ham IV or T2X or HDR300 
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annunciator bell 

for the Kantronics KPC-2 


No more 
missed connections 
on packet radio 

Some computers or terminals can't respond to 
the bell command. So if you've used one of these ma¬ 
chines in a packet radio setup, you may find yourself 
missing connections with other stations — unless, of 
course, you're willing to stay glued to the screen 
watching for attempts to connect. 

When a successful connect is made, the Kantronics 
KPC-2 responds by sending three CNTRL-G ($07 hex) 
ASCII characters to the terminal or computer. The 
CNTRL-G character combination is commonly used 
as the bell command to produce an audible signal. But 
obviously this works only if your terminal or computer 
is equipped with the hardware needed to produce an 
alarm. My computer, a Xerox 820, has no internal bell 
circuitry. As a result, I was missing connections. By 
the time I noticed that someone had tried to talk to 
me, they were often long gone. After only a few weeks 
on the air I discovered that I wasn't alone in this exper¬ 
ience; other packet operators with similar hardware 
were missing connects, too. 

solving the problem 

It took only three hours and less than $10 to find 
a simple solution to the problem. The circuit shown 
in fig. 1 doesn't respond directly to the bell charac¬ 
ter; instead, a piezo buzzer fires for about half a sec¬ 
ond as the KPC-2 enters a connected condition. There 
are some advantages to this; my buzzer, for example, 
will not respond to hidden bell commands that may 
be embedded in text or files received by my station 


and the annoying end-of-margin alarm produced by 
some computers and terminals is also neatly avoided. 

circuit 

The KPC-2 has a connect status indicator on the 
front panel. This LED is lit only when a connected link 
status exists. Data line P-22 from the 63B03 proces¬ 
sor drives a 74HC04 inverter to power this indicator. 
The added circuitry shown in fig. 2 and external to 
the KPC-2, uses this output to activate the piezo buzz¬ 
er to audibly announce the connect status. The alarm 
is limited to about a half second's duration by a CMOS 
timer circuit. The exact time may be varied by chang¬ 
ing the values of either the 68k resistor or 5 ^F capa¬ 
citor. Note that two inverter stages are used to drive 
the buzzer. Although they may at first appear to be 
superfluous, they're needed to produce a well-defined 
off/on transition for the bell. 

The transducer operates from 3 to 20 VDC. Despite 
being driven directly from a CMOS output, it may pro¬ 
vide more volume than necessary. Adding a resistor, 
up to about 47k, in series with the transducer will re¬ 
duce the volume. A manual off-on switch removes 
power from the bell for silent late-night operation. 

construction 

Table 1 lists the required materials. Assembly is 
done using point-to-point wiring techniques on the 1C 
perfboard. Be sure to use a socket for the No. CD4001. 
Don't insert the 1C until after all wiring is completed. 
Note that this board won't fit into the specified en¬ 
closure unless some of the phenolic material is care¬ 
fully trimmed from one of the 2.83-inch edges. I used 
a nibbling tool for this task, and then dragged the 
board over the surface of a large file to smooth off 

By Peter J. Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 06071 
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fig. 1. Circuit for the Kantronics KPC-2 bell annunciator. Parts values not specified in the schematic are shown in table 
1. The duration of the bell timer may be varied by changing the values of the S /iF capacitor or 68k resistor. Diode CR1 
is a silicon device; a 1N4148. 1N914, or 1N4001 may be used. 


Table 1. Bell annunciator parts list. 


part 

description 

Radio Shack 
part number 

U1 

quad 2 input NOR gate CD4001 

2762401 

buzzer 

piezo buzzer, 3-20 volts DC 

273065 

case 

4 x 2 x 0.844 inches 

270220 

pertboard 

2.83 x 1.85 inches 

276150 


the rough edge. After the board is assembled and in¬ 
serted into the enclosure, be sure to drill a hole directly 
above the buzzer to make its output more audible. 

bell-to-KPC-2 interface 

This is the tricky part: chances are your KPC-2 is 
less than a year old. Performing this modification will 
void your warranty. Note also that this circuit will work 
only with the KPC-2 hardware. Versions of the KPC-1 

— regardless of the software revision level — use an 
MC6803 processor which does not support the con¬ 
nect-status indicator. 

I used J2, the nine-pin D-connector located on the 
rear apron of the KPC-2, to bring out 5 VDC and con¬ 
nect signals to operate the bell. Pins 4 and 8 were un¬ 
used. A jumper wire was connected from pin 6 of U14 
to pin 4 of the D-connector. Another short jumper ties 
the regulated 5-volt output from VR-1 to pin 8 of the 
connector. 

Because of possible production changes, manufac¬ 
turing assembly parameters change, be sure to verify 

— before work begins — that these pins are unused 
in your particular KPC-2! I found a jumper, not shown 
on the schematic, from the pin 4 circuit trace to ground 
that I had to remove. 

A two-conductor shielded cable should be used to 
interconnect the bell device to the TNC. The plastic 
hood (supplied with the J2 connector and harness as- 



fig. 2. Partial schematic of the KPC-2 shows the wiring 
added to pins 4 and 8 of connector J2. The connect sig¬ 
nal is fed to pin 4, Ground is already present on pin 9, 
and the 5-volt VCC bus is ti$d to pin 8. Note the presence 
of a jumper that originally grounded pin 4; this jumper 
must be removed from the PC board. 


sembly from Kantronics) will have to be removed, re¬ 
assembled and carefully drilled out to enlarge the ca¬ 
ble passageway to allow the bell cable to enter. 

operation 

Carefully check your wiring for errors before apply¬ 
ing power to the TNC. If everything looks good, hook 
it all up and connect either to a local ham or to your¬ 
self via a local digipeater. A short, pleasant ''beep'' 
should reward you as the connect is made. 

ham radio 
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low-noise phase-locked UHF 

VCO 

part 2: construction and testing 


This VCO’s noise level 
is over 60 dB 
below the carrier 
— great for 
microwave applications 


In part 1 of this article I described what I believe is 
an answer to the noise problem in voltage-controlled 
oscillators and showed that most Amateur UHF VCO 
applications can probably be satisfied by using a single¬ 
frequency, dedicated UHF phase-locked loop. This 
part presents construction information, describes test¬ 
ing, and provides performance characteristics. 

construction and circuit 
characteristics 

The UHF PLL is built on a standard 4-1/2 x 
6-1 /2-inch G-10 (glass epoxy) PC board, as shown in 
fig. 1. The edge connector shown in table 1 provides 
for 15 volts DC, frequency select, and an unlock cir¬ 
cuit. The latter drives an LED out-of-lock warning indi¬ 
cator. The RF output connector, an inexpensive SMA 
type/ is soldered to the PC board. Another SMA con¬ 
nector can be added if an external reference signal is 
to be used. 

Oscillator and phase detector. The UHF oscillator 
and its buffer-amplifier stage are mounted on the trace 
side of the board with the component side acting as 
the ground plane. These circuits are enclosed in a 
simple shield box soldered to the PCB. The box is 
made of 0.5-inch wide X 0,015-inch thick brass strip, 
which is available at most hobby shops. The strip is 

* Type 142-0298-001, available trom E.F. Johnson, Waseca, Minnesota 
56093. 


formed into a 1.75 X 2.75-inch rectangle. Before 
soldering the box to the board, cut slots with a nibbling 
tool wherever PC lines enter or leave the box area. A 
partition is soldered inside the box to shield the 
oscillator from the buffer. An aluminum cover is fitted 
over the shield box. 

The phase detector uses a pair of Schottky diodes. 
Several kinds of diodes that will work in the phase 
detector are listed in table 2. The traces on the board 
will accept any of these types, but the Alpha D5486 
is recommended as the first choice because it is a dual 
diode in one package and therefore costs less than a 
pair of diodes. 

The PC board includes five integrated circuits: an 
RCA CA3179 prescaler, a 74LS191 programmable 
divide-by-N, a CD4046 phase/frequency detector, and 
a pair of 74LS93 reference dividers. Also included are 
two voltage regulators, a 7808 and 7805. 

The quartz crystal for the reference oscillator was 
obtained from ICM under the code number 471360. 
This is a shear mode, third-overtone AT-cut crystal. 
The code number includes information relating to 
ambient operating temperature, frequency range, type 
of holder, and operating load. The crystal oscillator 
coil is a Coilcraft vertically-mounted 12-turn helical 
"Unicoil” with a 6-32 threaded tuning slug, 1/4 inch 
long, for inductance adjustment. The inductance with¬ 
out the slug is approximately 0.28 /rH. You can wind 
your own on a surplus coil form if it includes a tuning 
slug. For example, a 3/16 inch OD coil form 1/2 inch 
long with a 6-32 powdered iron slug (1/4) inch requires 
ten close-spaced turns of No. 26 enameled copper 
magnet wire. 

Plated-through board. The PC board is quite special 
because it is solder-plated and plated through. The 
through-plating feature is a must for the UHF circuits. 
Not many Amateurs or experimenters have facilities 
for through-plating, but there is an alternate approach 

By Norman Foot, WA9HUV, 293 East Madison 
Avenue, Elmhurst, Illinois 60126 


August 1986 GB 25 


table 1. Edge connector terminals. 



fig. 1IAI. UHFPLL pc board component/groundplaneside. |8|. 
UHF PL pc board trace side. Enclosure in upper left hand corn¬ 
er contains VCO. buffer and loop amplifier circuits. 

that I have used with good success. I insert a 
0.094-inch long x 0.043-inch diameter brass eyelet in 
each ground hole. Then I roll the eyelets over with a 
fine punch, hammer them flat, and solder them to 
ground on each side of the board. While this is 
admittedly a rather tedious procedure when there are 


1 gnd 

19 D 

2 nc 

20 A 

3 nc 

21 B 

4 nc 

22 gnd 

5 nc 

23 unlock 

6 nc 

24 ( 5 

7 nc 

25 i 15 

8 nc 

26 nc 

9 i 15 

27 nc 

10 gnri 

28 nc 

11 t 8 

29 nc 

12 gnri 

30 nc 

13 i 5 

31 nc 

14 nc 

32 nc 

15 nc 

33 nc 

16 nc 

34 nc 

17 nc 

35 nc 

18 C 

36 gnd 


table 2. 

tector. 

Diodes that can be used in the phase de- 

Alpha 

D5486 

1 required 

Alpha 

D5845 

2 required 

Alpha 

D4787 

matched pair 

HP 

5082 2818 

matched pair 

HP 

5082 2816 

matched pair 

MaCtim 

Ma415l3 

2 required 

MaCom 

Ma4882 

matched pair 


over 100 ground holes, it works very well. . . if you 
have the patience. I use this approach for preliminary 
breadboards. 

The cost of having a single plated-through PC board 
fabricated at a commercial plant is very high — as 
much as $230.00. However, in quantities of 100, the 
price drops to less than 20 percent of this figure. If 
you're interested in obtaining a board for your project, 
get in touch (just be sure to include an SASE). If there 
are enough inquiries, I may be able to provide a board 
at a very reasonable price. 

Avoiding pitfalls. Before heating up your soldering 
iron in anticipation of assembling this PLL, there are 
some subtle characteristics that you'll want to know 
about. 

While there's nothing unusual about the component 
side of the PC board, the trace side includes a number 
of chip resistors as well as some chip capacitors, par¬ 
ticularly inside the oscillator and buffer compartments. 
To be more exact, the trace side of the board con¬ 
tains 11 chip resistors and 12 chip capacitors. 

The chip resistors are used where threading a pair 
of pigtails through the board from the ground plane 
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fig. 2. VCO, buffer and loop amplifier schematic. 


side would seriously degrade performance. This is 
particularly true if the resistor is part of an RF circuit, 
such as an RF termination. Parasitic inductances are 
close to zero for these devices, which makes their use 
mandatory in UHF applications. 

Chip resistors are now available at reasonable price 
— typically 6-1/2 cents each in lots of 100 — in 
standard values from 2.2 ohms to 2.0 megohms. Chip 
resistors are generally specified at 5 percent tolerance, 
but since they're laser-trimmed, they're usually more 
accurate than that. My chip resistors, purchased from 
Mouser Electronics in Santee, California, are 60 x 130 
mils and 0.025 inches thick, or slightly larger than a 
typical chip capacitor, and easily installed. 

the oscillator circuit 

An article by G. D. Clock and associates' describes 
a means for tuning a VCO by varying the base-emitter 
current. Television Receive Only (TVRO) and other 
oscillators have used this principle for a number of 
years. 

Base-emitter tuning. This technique involves adjust¬ 
ing the oscillator base-emitter current to produce fre- 


MATERIAL■ 0.025 X 0.2 



OUTPUT 

OSCILLATOR INDUCTANCE, L2 COUPLING PR08E 


fig. 3. Detarts of oscirtator inductor and output coupling 
probe. 


quency changes. Base-emitter and collector capaci¬ 
tances increase with base current. I have produced 
high-to-low frequency tuning ratios of over 12-1/2 
percent by using this method at frequencies as high 
as 5 GFIz. The 1152-MHz VCO described here uses 
base-emitter tuning, which avoids the need for some- 
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times difficult-to-find UHF varactor tuning diodes. The 
oscillator circuit is shown in fig. 2. 

The base-emitter driving circuit for the oscilla¬ 
tor is also shown in fig. 2. The dual-gate MOSFET 


is a relatively quiet, inexpensive device. It represents 
the loop amplifier shown in fig. 4 (see part 1, page 
37). TP1 is included to monitor the loop amplifier out¬ 
put voltage for tuneup. 
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fig. 4. Automatic Frequency Control schematic. 


EXTERNA L 
REFERENCE 

INPUT 


ON-BOARD 

REFERENCE OSCILLATOR 


DC 


Vo 


- - - -n?i/ SPECTRUM 

I GENERATOR 

-*-i Q3 i- 


Except as indicated, decimal 
valvea ol capacitance are in micro¬ 
farads luff; others are in ptcofar 
ads (pPk resistances are in ohms. 
k * 1,000 M = 1,000,000 


OSCILLATOR 

INPUT 


* » - S£C TABt - E * PHASE 

C *' DETECTOR 

-H •—~—-f- ►OUTPUT TO 

^ ] LOOP 

- L > AMPLIFIER 

{CR2* >RS 


+ T i 1 y -1 
ce\ C9| »rT Ten cis 


CS \ RI ° I C6 « 


i i 


i 1 


i ir 


FROM AFC 
OE TEC TOR 


# - SEE TEXT OETECTOR 

fig. 5. Reference oscillator, spectrum generator and phase detector schematic. 
















Parts list 

Cl 51 pF disc 

C2 4.7 pF disc 

C3 51 pF disc 

C4 100 pF disc 

C5 0.001 disc 

C6 22 pF/35-volt 

C7 15 \iF/35-volt Tantalum 

C8 10 fiF/16-volt 

C9 1000 pF chip 

CIO 10 (xF/16 volts 

C11 1000 pF chip 

Cl2 22 pF chip 

Cl3 47 pF chip 

C14 1.0 nF/35-volt Tantalum 

C15 4.7 pF chip 

Cl6 Erie No. 560-013, 0.5-5 pF chip 

Cl7 47 pF chip 

Cl9 470 pF chip 

C19 47 pF chip 

C20 470 pF chip 

C21 1000 pF chip 

C22 1.0 pF 735-volt Tantalum (inside oscillator compartment) 

C23 2.2 pF Tantalum 

C24 1000 pF chip 

C25 1 fiF/50 volts 

C26. 5 pF disc 

C27 0.1 pF 10-volt disc 

C28 0.1 nF 10-volt disc 

C29 0. IfiF 10-volt disc 

C30 0.01 fiF disc 

C31 0.001 nF disc 

C32 0.1 )iF mylar 

C33 0.1 nF 10-volt disc 

C34 0.1 pF 10-volt disc 

C35 0.001 pF disc 

C36 47 pF chip 

C37 I.OpF735-volt Tantalum 

C38 100pF/16 volts 

C39 0.1 pF 12 volt disc 

C40 22 p.F/25 volts 

C41 0.1 pF 50-volt disc 

CR1 See table 2 

CR2 See table 2 

CR3 1N4002 

LI crystal oscillator coil 
L2 oscillator inductance 
L3 deleted 

L4 5 turns No. 26 tinned busbar, 1 /16-inch diameter, 1/4-inch long 
PCB printed circuit board shield box and cover 
Q1 2N2369A 

Q2 2N2369A 


Q3 AT414355 

Q4 MRF-901 

Q5 A T-41435-5 

Q6 40673 

Q7 2N2369A 

Q8 2N2369A 

Q9 2N2222 

R1 33 kilohms 

R2 820 ohms 

R3 22 kilohms 

R4 6.8 kilohms 

R5 51 ohms chip 

R6 680 ohms chip 

R7 150 kilohms, 1/8 watt or chip 

R8 47 kilohms, 1/8 watt 

R9 2.2 kilohms chip 

RIO 100 ohms 

R11 150 ohms chip 

R12 4.7 kilohms chip 

R13 22 ohms 1/8 watt 

R14 910 ohms 1 /8 watt 

R15 6 kilohms, 1/8 watt (adjust value for IC20 mA if, necessary) 
R16 33 ohms 
R17 2.2 kilohms 
R18 100 ohms chip 

R19 1.5 kilohms, 1/8 watt (inside amplifier compartment) chip 

R20 4.7 kilohms chip 

R21 100 ohms 

R22 15 kilohms 

R23 8.2 kilohms 

R24 330 ohms 

R25 1 kilohms 

R26 10 kilohms 

R27 10 kilohms 

R28 4 7 kilohms 

R29 1.2 kilohms 

R30 1.2 kilohms 

R31 1.2 kilohms 

R33 330 ohms 

R34 150 kilohms 

R35 39 kilohms 

R36 330 ohms 

R37 51 ohms (in oscillator compartment) chip 

R38 51 ohms (in oscillator compartment) chip 

U1 74LS93 

U2 74LS93 

U3 CD4046 

U4 74LS191 

US CA3179 

U6 7808 

U7 7805 


Frequency adjustment. The VCO uses an MRF-901 
transistor. Except for minor details, the circuit is similar 
to the one used in a previous article. 2 A buffer amplifier 
provides isolation between the oscillator and the out¬ 
side world, thus making the job of the PLL easier. It 
also provides more output power. The buffer employs 
an Avantek AT-41435-5 bipolar transistor.** An Erie 
560-013 piston trimmer, used to adjust frequency, is 
located at the far end of the line where a tuning var¬ 
actor might otherwise be located. Although ceramic 
trimmers also work well, some of them tend to seize 
after extensive use; the Erie trimmer is more expen¬ 
sive, but can take more abuse. This is an adjustment 
that needs to be made only once. Thereafter, small 
changes in oscillator circuit parameters will be com¬ 
pensated for by the AFC circuit. 

Coil and coupling probe. To allow the VCO to be 
used for other purposes, the oscillator ''coil" is sus¬ 


pended above the PC board ground plane rather than 
being printed. This also provides higher Q, which is 
needed to maintain low phase noise. The inductance 
for 1152 MHz is formed out of 0.025-inch thick by 
0.2-inch wide brass strip bent into a U-shape as shown 
in fig. 3. It's mounted by soldering one end to the 
piston trimmer and the other to the MRF901 collector 
lead. The collector lead is bent up at right angles to 
meet the coil. 

Coupling to the buffer is accomplished by means 
of an L-shaped probe located near the transistor end 
of the oscillator inductance. A 50-ohm chip resistor 
terminates the buffer input circuit to avoid instability. 
The coupling probe is an L-shaped bracket made from 
the same kind of material as the inductance and solder¬ 
ed to the end of the buffer input PC trace. Space the 
probe about 1/8 inch away from the oscillator indue- 

“ Available from Peak Technology, Inc.. Arlington Park, Illinois 
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tance. An identical probe drives the prescaler, with 
very light coupling. 

The oscillator's emitter is left unbypassed. This im 
poses some negative feedback, which in turn tends 
to suppress low-frequency flicker noise in a manner 
discussed in reference 9 (see part 1, page 38). 

Frequency division. Referring to fig. 4, note that a 



TPf VOLTAGE 
{VOLTS) 


PISTON TRIMMER ROTATION ANGLE 
CW-+ 


Fig. 5. AFC tuning curve. 


fig. 7. Oscillogram of VCO spectrum with the4046as phase de¬ 
tector. Horizontal = 30 kHz/cm; vertical = lOdB/cm. 


fig. 8. PLL spectrum. Vertical = lOdB/cm; horizontal 
30kHz/cm; BW = 1kHz. 
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pair of 74LS93s connected in cascade divide the crystal 
frequency by 64, to 562.5 kHz. The prescaler, U3, 
together with the divide-by-N stage, U4, provides 
division by 2048, which is also 562.5 kHz when the 
VCO is phase-locked to 1152 MHz. These two signals 
represent the scaled-down reference and VCO that 
drive AFC detector U3. 

The circuit of U4 is somewhat unusual because the 
RC output resets the counter to a preprogrammed 
value. This creates a modulo-N circuit that will divide 
by any integer from 1 to 16; the most useful numbers 
are 7, 8, and 9. For 1152 MHz, N = 8. 

The AFC output from U3 is fed over a shielded wire 
to the DC return of the phase detector as shown in 
fig. 5. This wire is located on the component side of 
the board and its shield is soldered to the ground 
plane. 

Phase detector inputs. Q3 is a UHF bipolar transistor 
used as the spectrum generator. Like the RF buffer, 
it's an Avantek type 41435-5. A "picket-fence" of har¬ 
monically-related signals, spaced 36 MHz apart across 


the band from 36 to 1400 MHz or more, drives the 
phase detector. One of these harmonics represents the 
desired phase-detector signal which, for an 1152-MHz 
VCO, is the crystal oscillator's 32nd harmonic. 

The phase detector also requires a sample of RF 
from the oscillator. While initially the VCO frequency 
may be incorrect, the AFC circuit will steer it to 1152 
MHz to effect phase lock. Coupling from the oscillator 
is achieved over a short (1-1 /2 inch) piece of miniature 
coaxial cable such as RG-174 or equivalent. The braid 
is stripped back on each end and soldered to the 
ground plane at the points of entry. One center con¬ 
ductor end is soldered to the input of the phase detec¬ 
tor; the other end acts like a probe, extending about 
1 12 inch into the oscillator compartment. The insula¬ 
tion is left on the probe end. 

noise and spurious sidebands 

The original crystal oscillator multiplier built in 1969 
included a cavity resonator at the step-recovery diode 
(SRD) output. The Q of this cavity is relatively low 
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because it was tightly coupled in an effort to get 
maximum power out. Filtering of unwanted sidebands 
is therefore limited. The strongest set of sidebands 
appears 384 MHz away from the carrier on each side 
(384 MHz is the SRD driving frequency). These side¬ 
bands are 28 dB below the carrier; all others are over 
30 dB below. This represents reasonable performance 
for narrowband purposes when the first IF is less than 
384 MHz, but the spurious sidebands may produce 
"birdies" at the output of the second mixer in a wide- 
open (block down-conversion) system. 

The UHF PLL described in this article has filtering 
qualities resulting from the loop filter instead of a 
cavity. The only significant coherent spurious signals 
are located 562.5 kHz from the carrier on each side 
and are over 60 dB below the carrier. No phase noise 
was detectable on the HP-8551 spectrum analyzer. 
The calculated level is -145 dBc/Hz at 1 kHz and 
beyond. 


preliminary adjustments 

Before applying power, check the component side 
of the board for insulated holes that don't have 
components in them. Ignore unfilled plated-through 
ground holes. All the other holes, with the exception 
of four pairs of component-side jumpers, should be 
filled. Then proceed as follows: 

• Connect a 100-ohm, 2-watt resistor in series with 
the 15-volt power supply to limit the current in case 
of a short; otherwise the current should be about 90 
mA. 

• Remove the 100-ohm resistor and monitor the cur¬ 
rent to the board. Depending on the status of tune- 
up, the current should be between 190 and 230 mA. 

• Using a CRO, monitor the waveform on pin 14 of 
Ul. (It's best to use a 50-MHz oscilloscope for this 
measurement.) Tune the crystal oscillator coil for max¬ 
imum peak-to-peak voltage. The positive peak should 



fig. 9(B). Completed UHF PLL double-sided printed board artwork Trace side. 
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fig. 10IA). Component layout superimposed on groundplane artwork. 


reach 4 volts, but as little as 2 volts are needed to drive 
U1. 

• Connect a DVM or 50,000 ohm/volt meter to TP1. 
Tune the piston trimmer and note the meter response, 
which should be similar to the discriminator curve 
shown in fig. 6. The oscillator will be phase-locked 
if the voltage at TP1 falls on the sloping part of the 
curve. If the oscillator isn't operating, TP1 will be less 
than 2.0'volts, and possibly almost zero. If the voltage 
on TP1 is greater than about 7 VDC, the AFC (U3) 
is inoperative. 

• Pins 3 and 14 of U3 should show square waves at 
the same frequency; the leading edges should be ap¬ 
proximately in phase if the oscillator is phase-locked. 
You can check this with a dual-trace scope with a 
common time base. The square waves should have 
periods of 1.777 /tsec. 

• Adjust the piston trimmer until the square waves are 
exactly in phase. The voltage on TP1 now corresponds 
to the optimum operating point where phase noise 
should be at its lowest. On the prototype PC board, 
the optimum value was 4.0 volts DC. 

an interesting experiment 

To illustrate the increase in phase noise caused by 
large values of N, you can perform this experiment if 


you have access to a spectrum analyzer. Carefully 
solder a short piece of wire across the phase detector 
from the loop, leaving the CD4046 to perform both 
AFC and phase detection. Lockup will occur as before, 
and voltage levels at TP1 will be unchanged. However, 
the level of phase noise as seen on the spectrum ana¬ 
lyzer will have increased by about 60 dB in and around 
the carrier and out to several MHz. Except for the fact 
that the carrier is stable, the spectrum appears only 
slightly cleaner than when the oscillator is free- 
running. This agrees fairly well with the phase-locked 
N2048 curve of fig. 3 of part 1. Figure 7 is an 
oscillogram of the VCO spectrum under these con¬ 
ditions, while fig. 8. shows the phase-locked 
spectrum. 

I've chosen to call the PLL described here a "low 
noise" system. The title, of course, is relative, so fur¬ 
ther explanation is needed. 

The experts all agree that measuring phase noise 
accurately is difficult at best and strewn with potential 
pitfalls depending on the technique used. Basically, 
phase noise level is defined as: 

= 20 log \*™L.\dB (D 

F -r v2 /„, 
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fig. 10IB). Component layout superimposed on trace side artwork. 


where Esb and E c are respectively sideband and carrier 
voltages. Here, Af nm is the RMS value of peak 
frequency deviation at a distance/„, from the carrier. 
But how does one measure A/? In high-purity sources, 
20 log (Af/f m is an extremely small number, typically 
more than 60 dB below the carrier. At an offset of 10 
kHz, phase deviation of a phase-locked source may 
well be much less than ±0.001 degree. 

In the absence of sophisticated test equipment, 
which is well beyond the reach of most Amateurs, 
what can an inexpensive analyzer such as the HP-8551 
show us? One sees the RMS sum of all the power 
passing through the 1-kHz bandwidth. This can be ex¬ 
trapolated to a 1-Hz band by use of so-called stochas¬ 
tic or random theory: 

± io hg ± 30dB 

YY J O J 

In other words, the ultimate sensitivity of the 8551 is 
-(70 + 30) or - lOOdBc/Hz. Based on this estimate, 
it should be easy to see the noise of free-running UHF 
oscillators. Judging from the spectrum response 
shown in fig. 8, the phase noise of the UHF VCO 
described here is less than - 100 dBc/Hz close-in - 
considerably better than the calculated level of -85 



fig. 11. Detailof trace sideofPCB showing locations of chip 
capacitors and resistors as well as other VCO buffer and 
loop amplifiercomponents. 
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XF-9A 
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2.4 kHz 

5 

$53 15 
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2.4 kHz 

8 

72 05 

XF-9B0I 
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2.4 kHz 

8 
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XF-9B-02 
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2 4 kHz 

8 

95 90 
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10 
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AM 
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8 

77 40 
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AM 
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8 

77 40 
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FM 
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8 

77 40 
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CW 

500 Hz 

A 
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CW 
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CW 
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dBc/Hz. At offsets beyond 10 kHz, the noise is below 
the resolving power of the spectrum analyzer. 

conclusion 

In this article, I've described a phase-locked UHF 
VCO for Amateurs and experimenters who need a very 
clean signal source. The performance of this VCO has 
been compared with an earlier type of signal source 
using a crystal oscillator multiplier scheme. Both 
models are shown to have excellent phase-noise char¬ 
acteristics, based on measurements made on a spec¬ 
trum analyzer. The UHF VCO's level of coherent side¬ 
bands is over 60 dB below the carrier, a considerable 
improvement over the 1969 model. This characteristic 
is particularly important when the VCO is used to drive 
a multiplier for microwave applications. The VCO and 
associated circuits are mounted on a standard plug¬ 
in PC card. This assembly is typically dedicated to 
provide approximately + 10 dBm of clean local oscilla¬ 
tor power for UHF up- or down-converters. The VCO 
is also well suited for block down-conversion use. 

The plated-through nature of the PC board is essen¬ 
tial to good UHF performance. The complete VHF PLL, 
double-sided printed circuit board artwork is illustrat¬ 
ed in fig. 9A (ground plane side) and fig. 9B (trace 
side). The ground plane-mounted component layout 
includes two views in fig. 10 - with the ground plane 
side fig. 10A and the trace side of the PC board fig. 
10B provided in the background. Finally, a section of 
the trace side of the PCB shows the chip capacitors' 
and resistors' component layout superimposed on it 
in fig. 11. If you need help in obtaining this board or 
other components such as shield boxes, coils, diodes, 
transistors, and the like, send a business-sized SASE 
to me at the address shown at the beginning of the 
article. 
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fig. 1. The famous 6L6 passed through several designs in its long lifespan. At left is the 
original metal 6L6. Next to it is the glass 6L6G version. Second from right is the transmit¬ 
ting version, the 807 (6.3 volts) or 1625 (12.6 volts). The 807 had two getters in the base of 
the tube, shield plates around the tube stem and extra insulation between the metal anode 
and the mica supports. The plate lead was brought out the top of the envelope. At right 
is the T-21, a transmitting version of the 6L6G. It employed a 6-pin ceramic base of low 
loss, but eliminated the anode insulating supports. The T-21 performed well at 500 volts 
but often flashed over when run at higher voltages. Even so, it was a bargain for less than 
two dollars. 


50th anniversary of the 
tube that changed 
everything 

1936 was a very good year. The 
country seemed to be coming out of 
the Great Depression. More people 
were at work and the lines in front of 
the soup kitchens seemed to be get¬ 
ting shorter. . . and great things were 
stirring in the young field of elec¬ 
tronics. 

For years circuit designers and radio 
manufacturers had struggled with low- 
gain, low-performance receiving tubes 
that consumed a lot of power and 
produced only mediocre results. The 
battery-operated receiver was dead; 
the AC receiver was here to stay. The 
time was ripe for the introduction of 
a new family of tubes that would trans¬ 
form radio from a curiosity into a piece 
of household furniture. 

In 1935 the General Electric Compa¬ 
ny developed the idea of a metal 
receiving tube that wouldn't require an 
external shield and could be made in 
large quantity at low cost. Experimen¬ 
tal tubes were made and the Radio 
Corporation of America was licensed 
to produce such tubes for the home 
entertainment market. 

At the same time, Otto Schade, Sr., 
and his associates at RCA were at 
work on a revolutionary tube design 
that would offer high gain, high pow¬ 
er output, and low signal distortion. It 
seemed a good idea to incorporate this 
concept in the newly developed metal 


envelope. The new tetrode tube made 
use of aligned grid and screen ele¬ 
ments and beam-confining plates. This 
resulted in an electronic suppressor 
within the tube structure that in¬ 
creased overall efficiency and removed 
some of the "kinks" in the tube 
characteristics that had plagued older, 
less sophisticated designs. 


The happy results of this pioneering 
work were announced in the early 
spring of 1936 with the introduction of 
the 6L6 "Beam Power Tube" (fig. 1). 

too good to be true? 

The characteristics of the new tube 
seemed too much to believe. A pair of 
6 L6s working with 400 volts on the 
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plate could produce over 25 watts of 
audio power! And even more interest¬ 
ing, the 6L6 could grind out over 35 
watts as a crystal oscillator! 

Now the big question — how would 
the 6L6 act as an RF amplifier? The 
tube was tried out; results were mixed. 
What to do with the metal envelope? 
Ground it? Let it float? There was 
much argument about this. QST 
wasn't sure what to do, so they left the 
shield floating in a simple amplifier de¬ 
sign and remarked that — unfor¬ 
tunately — the tube had to be neutra¬ 
lized to operate stably. 

The problem resolved itself later that 
year, when RCA and others announ¬ 
ced a glass version of the 6L6 known 
as the 6L6G. This repackaging job was 
presumably done to reduce manufac¬ 
turing costs and speed up production; 
it's thought that the metal tube manu¬ 
facturing technique was not proving 
cost-effective. At the same time, the 
6 L6G was rearranged to bring the plate 
connection out of the top of the envel¬ 
ope. Thus was the 807 born. 

In order to make the 807 a true 
transmitting tube, additional internal 
insulation was added to boost the 
maximum voltage rating to 600 volts 
and small shields were added around 
the base of the tube stem to reduce in¬ 
ternal feedback paths. In reviewing the 
tube, QST said, "It may have a ten¬ 
dency to self-oscillate in high-gain cir¬ 
cuits above 14 Megacycles, or in 
designs where input and output cir¬ 
cuits fare! not carefully isolated." 

life and death of the 807 

The 807 was a blockbuster. It was 
the first high-gain, low-drive, inexpen¬ 
sive transmitting tube for the Radio 
Amateur. A pair of 807s — at $3 each 
— could comfortably run at 120 to 150 
watts input on CW all day long! 

Unfortunately, everybody got into 
the act. Clones of the 807 were made 
by many manufacturers, and cheaper 
versions of the 6L6G were sold with 
low-loss bases for RF service. Old- 
timers remember the Taylor T-21, 
which sold for $1.95 and seemed to 
work as well as the 807. 

But the 807 was to come upon rocky 



fig. 2. The pre-war 807, (1625). Note the base 
shield and the ceramic insulators between 
anode and mica supporting structure. At 
right is post-war 807. The base shield is miss¬ 
ing and the ceramic anode supports have 
been removed. The changed electrical 
characteristics of the tube, plus the fact that 
many manufacturers were making the tube 
to slightly different specifications, tended to 
give the tube a reputation for instability and 
poor performance 


days. When it went into large-scale 
production during World War II, the 
special insulators, as well as the base 
stem shields within the tube, were 
eliminated to cut costs. The 807 began 
to look more and more like a simple 
version of the 6L6G (fig. 2). 

The problem was that circuits 
designed for the "good" 807 couldn't 
perform properly with the cheaper ver¬ 
sion. The 807 rapidly earned a reputa¬ 
tion as an unstable tube, mainly 
because so many different versions 
were available. In those days, manu¬ 
facturers didn't know — or simply ig¬ 
nored the fact — that changing the 
internal support structure and moving 
the connecting leads to the elements 
about to fit a particular manufacturing 
process would drastically alter the 
operation of the tube, particularly at 
higher frequencies. 

While the 807 faded into obscurity 
and was replaced by the newer 6146, 
the 6L6G flourished in the brand-new 
field of television. It was revived for hi- 
fi audio as the 6L6GC/6L6GB and var¬ 


ious improved models saw duty as 
sweep tubes, with the final versions of 
the venerable design being the 6LQ6 
and the 6MJ6. Some of these tubes 
saw duty as linear amplifiers in 
Amateur service (fig. 3). 

All in all, the original 6L6 concept 
endured for 50 years in one form or 
another, and the principle of electron 
beam direction has been carried into 
the modern transmitting tubes. The 
8877, 4CX5000A, and many other 
modern tubes are descendents of the 
original design worked out by Schade 
and his colleagues over 50 years ago. 
Hats off to these pioneers! 

the horizontal square loop 
antenna 

A letter arrived from Bob Morrison, 
AG9C, which may be of general in¬ 
terest: 

The November , 1985, QST con¬ 
tained an article on a horizontal square 
loop antenna. Such strong claims were 
made that / decided to compare a full- 
wave horizontal square loop with a 
half-wave dipole using the numerical 
electromagnetics code computer pro¬ 
gram, NEC-2. 

A perfectly conducting ground 
plane is assumed. Ear-field, radiation 
patterns in either horizontal or vertical 
planes show little difference between 
the antennas. 

This is not surprising since both an¬ 
tennas consist of elemental horizontal 
dipoles. However, nulls in the zenith 
lobe occur at different antenna 
heights. Also, the loop is resonant at 
all harmonics, while the dipole is 
resonant only at odd harmonics. 

This is not to say the horizontal loop 
is not a good antenna —it is. Just don't 
expect miracles. 

the K4EF antenna and 
tuner 

The "All-band" wire antenna and 
tuner designed by Ev Brown, K4EF, 
perform well on all bands between 160 
and 10 meters (fig. 4). The antenna 
consists of a 200-foot wire, with 50 
feet in the vertical plane and the re¬ 
mainder run horizontally to a nearby 
tiepoint. The antenna works against 
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fig. 3. The ultimate 6L6. At left is the 6L6- 
GB with high plate dissipation rating 130 
watts) and improved base structure. A sin¬ 
gle tube would deliver 11 watts of audio at 
350 volts plate potential. At right is the 
sweep tube version of the 6L6 —the 6LQ6. 
Note the heavy anode leads. Tubes of this 
type were popular in Amateur linear 
amplifiers for a number of years. 


ground in Marconi fashion. Ev original¬ 
ly used a single ground rod, but later 
laid out a ground screen beneath the 
antenna consisting of 1000 feet of No. 
14 wire forming a mat about 20 feet 
wide and parallel to the horizontal por¬ 
tion of the overhead wire. After all this 
effort, he could detect no change in 
performance! 

One reason efficiency is high is that 
the feedpoint resistance of the anten¬ 
na is about 100 ohms at 3.5 MHz and 
nearly 4000 ohms at 1.8 MHz. 

The feedpoint is very "hot" on the 
160- and 80-meter bands and a high 
voltage, transmitting-type capacitor is 
required to prevent flashover. Toroidal 
coils, wound on several stacked 
Amidon T-200 forms, were tried but 
proved unsatisfactory because of heat¬ 
ing and inductance drift. The solution 
was air-wound inductors. 

Generally speaking, the tuner will - 
tune any length of wire over 40 feet 
long at 7 MHz or higher, provided the 
wire is not a quarter wavelength long. 
The antenna feedpoint resistance must 
be higher than 50 ohms in order to al¬ 
low the tuner to do its job. 


If the antenna is used exclusively on 
160 meters, the antenna length can be 
chosen to match available compo¬ 
nents. For example, if the tuner capa¬ 
citor is only 200 pF, antenna length 
should be increased to about 210 feet. 
The coil inductance must be increased 
to about 80 turns (40/iH). Conversely, 
if a 1000-pF capacitor is available and 
you want to reduce the length of the 
antenna, a length of 175 feet is ap¬ 
propriate. 

Ev says this antenna is outstanding 
on 160, 80, and 40 meters because the 
current loop is quite high in the air. On 
the higher bands he's able to compete 
with the "big boys" and frequently 
raises DX stations on the first or se¬ 
cond call. 

Ev likes the antenna so well he never 
got around to erecting his "Christmas 
tree" stack of Yagi beams on his 
50-foot tower! 

K1LPS on radials 

One of the top DXers on 160 meters 
is K1LPS. Larry advises against being 


fooled by claims stating that a good 
ground (radial) system isn't required on 
160 meters. "While a station using a 
vertical without radials will work stuff," 
he says, "a station using the same ver¬ 
tical with a good radial system will con¬ 
sistently outperform the equivalent 
antenna without radials on a given 
path." 

K1 LPS started out with an "L" an¬ 
tenna about 45 feet high with the end 
90 feet running horizontally — quite a 
typical 160-meter antenna for the lean 
purse. He began with a single ground 
rod, plus four radials, none of which 
were more than 60 feet long, but 
found that results improved markedly 
as he improved his ground system. 
"The antenna was certainly not a 
pileup-beater by any means, but I 
eventually got there," he comments. 

Encouraged by these results, Larry 
put up a better antenna. It was an L- 
shape, with 66 feet vertical and the re¬ 
mainder horizontal. He made careful 
measurements as he laid in a ground 
system, bit by bit. Starting out with a 
ground rod and four quarter-wave radi- 
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als, he measured his feedpoint 
resistance as 45 ohms. Bandwidth be¬ 
tween the 1.5-to-1 SWR points was 
about 70 kHz. 

He next added 18 additional quarter- 
wave radials. The feedpoint resistance 
dropped to 38 ohms and the 1.5-to-1 
passband disappeared, because the 
minimum value of SWR at antenna 
resonance was 1.6-to-11 Before he 
built a matching network, he added 
ten more radials, bringing the feed- 
point resistance down to about 22 
ohms. Using a fixed matching net¬ 
work, K1LPS achieved a match of uni¬ 
ty at 1820 kHz, but the antenna 
bandwidth between the 1.5-to-1 SWR 
points had dropped to 40 kHz. 

These various changes took place 
over an extended period of time. Sig¬ 
nal reports were solicited from many 
stations at various distances each night 
after additions to the ground system. 
A good many hams kept track of Lar¬ 
ry's progress and there was a noticea¬ 
ble improvement as radials were 
added. It was finally concluded, 
however, that additional radials over 44 
didn't seem to make much difference. 
And — finally — K1LPS made that elu¬ 
sive Japanese contact! 

K1LPS says, "Yes, you can get by 
without radials. But if you want to 
work long-haul DX, find a way to get 
a good ground system installed. That's 
the difference between a passable sig¬ 
nal and a pile-up breaker!" 

In closing, Larry remarks, "A poor 
ground system has one thing going for 
it — a nice, broad SWR curve across 
a relatively wide frequency range. But 
then, so does a dummy load!" 

the W1FB 160-meter 
monopole 

Because it's difficult to be loud on 
160 meters when you live on a city lot, 
I've long envied those lucky hams who 
live on country estates, with acres of 
land at their disposal. My good friend 
Doug, W1FB, has pondered the 
problem and finally come up with a 
compact monopole antenna design 
that solves this problem for Amateurs 
who can find 60 feet of space, either 
straight up, or at an angle (fig. 5). 


Basically, the antenna is a "fat" 
monopole, top-loaded with an induc¬ 
tor and a capacitance hat. An arrange¬ 
ment such as this could end up being 
a rat's nest, but Doug has engineered 
the design through several models and 
arrived at a clean, compact, rugged 
package that's easy to install and ad¬ 
just. Eighteen radials, each 130 feet 
long, are laid out beneath the anten¬ 
na. The spacers are made of high- 
impact acrylic tubing and the array is 
made of No. 14 wire. Slung up in the 
clear, the measured SWR of the an¬ 
tenna between the 2-to-1 SWR points 
is 165 kHz. That's not too shabby for 
such a compact antenna! 

More information on this nifty an¬ 
tenna? Write Oak Hills Research, 4061 
North Douglas Road, Luther, Michigan 
49656. Doug says the only problem 
now is that he doesn't have time to get 
on the air and work DX anymore! 
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PRACTICALLY SPEAKING 


solid-state rectifiers 

Because the lowly rectifier diode 
isn't exactly a high-tech electronic 
part, it's sometimes overlooked by 
those accustomed to more sophisti¬ 
cated electronics — microprocessors, 
packet radio TNCs, and HF SSB trans¬ 
ceivers, for example. Nonetheless, the 
rectifier diode is extremely important. 

Consider this: about 20 years ago 
there was a popular SSB rig on the 
market that suffered a terrible reputa¬ 
tion for poor reliability. These rigs were 
on the blink more often than not (or 
so it seemed to those of us who owned 
them). The main — and for the most 
part only — problem was with the rec¬ 
tifier diodes. The manufacturer used a 
1000-volt PIV rectifier in a 750-volt DC 
power supply. So what's wrong with 
using a 1000-volt diode in a 750-volt 
circuit? Read on, and you'll find out. 

what are rectifiers? 

The word "rectify" means "to make 
right or remove impurities." The pur¬ 
pose of a rectifier in a DC power sup¬ 
ply circuit is to remove the impurities 
of the AC line current and make it right 
for DC-craving electronic circuits. AC 
is incompatible with most electronic 
circuits, so it must be changed to DC 
by a rectifier. From the above discus¬ 
sion you can probably guess that the 
main requirement for a rectifier is to 
convert bidirectional AC into a uni¬ 
directional form of current. Although 
ham equipment once used vacuum 
and mercury vapor rectifier tubes to 
accomplish this task, all modern equip¬ 
ment now relies on solid-state PN junc¬ 
tion rectifiers. 

Figure 1 shows the standard circuit 
symbol for the solid-state rectifer diode 
(fig. 1A), along with some common 
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fig. 1. Solid state rectifier diodes: (A) stan¬ 
dard circuit symbol; (B) through (E) com¬ 
mon shape of epoxy or "plastic" package 
devices; (F) "Top-hat” type and (G) stud 
mounted. 






shapes of actual diodes. The "input" 
side, where AC is applied, is the 
anode, while the "DC” output is at the 
cathode. The diodes shown in figs. IB 
through 1G are positioned so that the 
respective anodes and cathodes are 
aligned with those of the circuit sym¬ 
bol in fig. 1A. Rectifiers in figs. IB 
through IE are epoxy or "plastic" 
package devices, the type we usually 
see. The cathode end will be marked 
with either a rounded end fig. IB, a 
line (fig. 1C), a diode arrow (fig. ID) 
or a plus sign (fig. IE). 

The diode shown in fig. IF is the 
old-fashioned — and now obsolete — 
"top-hat" type. Unless otherwise spe¬ 
cified, the top-hat type can safely pass 
a current of 400 milliamperes, while 
those in figs. IB through IE gener¬ 
ally pass 1 ampere (or more, for larger 
packages). 

The stud-mounted type shown in 
fig.lG is a high-current model. These 
diodes are rated at currents from 6 am¬ 
peres or more; 50- and 100-ampere 
models are easily obtained. They are 
mounted using a threaded screw at 
one end, which also forms one elec¬ 
trical connection. The other electrical 
connection is the solder terminal at the 
other end. Unless otherwise specified, 
the solder terminal is the anode, while 
the stud-mount is the cathode termi¬ 
nal. Exceptions to the polarity rule are 
sometimes seen. The reverse polarity 
diodes will have either an arrow sym¬ 
bol pointing in the opposite direction 
(the arrow always points to the cath¬ 
ode), or an "R" suffix on the type 
number — for example, INxxxxR. 

rectifier specifications 

The use and abuse of solid-state rec¬ 
tifiers involve key specifications: for- 
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fig. 2. Rectifier output: (A) Solid line, half-wave rectified; (B) Full-wave rectified. 


ward current, leakage current, surge 
current, junction temperature, and 
peak inverse voltage (PIV) — also 
called peak reverse voltage (PRV). 

The forward current is the maximum 
constant current that the diode can 
pass without damage. For the popu¬ 
lar 1 N400x series of rectifiers the for¬ 
ward current rating is 1 ampere. The 
leakage current is the maximum cur¬ 
rent that will flow through a reverse 
biased junction. In an ideal diode, the 
leakage current is zero; in practical 
diodes of reasonable quality it is very 
low. 

The maximum surge current is a rat¬ 
ing that can get you into trouble. The 
surge current is typically very much 
larger than the forward current, so it's 
sometimes erroneously taken to be the 
operating current of the diode. It's de¬ 
fined as the maximum short-duration 
current that will not damage the diode. 
"Short duration" typically means 1 /60 
of a second! So don't use the surge 
current as if it were the forward cur¬ 
rent (a common but disastrous mis¬ 
take). 

The junction temperature is merely 
the maximum allowable temperature 
of the PN junction. The actual junction 


temperature depends on the forward 
current and how well the package (and 
environment) rids the diode of internal 
heat. Although typical maximum junc¬ 
tion temperatures range from + 125 to 
+ 150 degrees C, good design requires 
as low a temperature as possible. One 
reliability guide mentions that the junc¬ 
tion temperature should be limited to 
a maximum of +110 degrees C. 

The peak inverse voltage (PIV) is the 
maximum allowable reverse bias volt¬ 
age that won't damage the diode. This 
rating is usually the limiting rating in 
certain power supply designs, and the 
least often heeded. Later in this arti¬ 
cle, we’ll learn how to select the PIV 
rating for practical power supplies. 

The output from the rectifier is not 
pure DC, but rather pulsating DC. For 
halfwave rectifiers we see a waveform 
such as fig. 2A, and for fullwave rec¬ 
tifiers we see the waveform of fig. 2B. 
The pulsating DC waveform is almost 
as useless for electronic circuits as the 
AC input. Flowever, we can filter the 
pulsating DC output to form nearly 
pure DC. Although the subject of filter¬ 
ing is beyond the scope of this article, 
we must consider at least the simplest 
form of a power supply filter in order 


to correctly select a rectifier for any 
given application. Figure 3A shows a 
simple power supply with a brute-force 
filter capacitor, C, shunting the load to 
filter the pulsating DC into nearly pure 
DC. This capacitor will charge to a po¬ 
tential equal to the peak voltage, i.e. 
1.414 times the applied RMS voltage. 

selecting rectifier diodes 

The two parameters that you'll most 
often use to specify practical power 
supply diodes are the forward current 
and peak inverse voltage. Get these 
right and in almost all cases the recti¬ 
fier will work long and hard for you. 

The forward current rating of the 
diodes must be at least equal to the 
maximum current load the power sup¬ 
ply must deliver. That's common 
sense. But in the real world there's also 
the necessity for a safety margin to ac¬ 
count for tolerances in the diodes and 
variations of the real load (as opposed 
to the calculated load). It's also true 
that making the rating of the diode 
larger than the load curent will greatly 
improve reliability. A good rule of 
thumb is to select a diode with a for¬ 
ward current rating of 1.5 to 2 times 
the calculated (or design goal) load 
current — or more if you can get it. 
Although selecting a diode with a very 
much larger forward current (e.g., 100 
amperes for a 1-ampere circuit) is both 
wasteful and likely to make the diode 
not work like a diode, it's generally the 
rule to make the rating as high as feas¬ 
ible. The 1.5 to 2 times rule, however, 
should result in a reasonable margin of 
safety. 

The peak inverse voltage (PIV) rat¬ 
ing can be a little more complicated. 
In unfiltered, purely resistive circuits 
the PIV rating needs only to be greater 
than the maximum peak applied AC 
voltage (1.414 times RMS). If a 20- 
percent safety margin is desired, then 
make it 1.7 times RMS voltage. 

Most rectifiers are used in filtered 
circuits (e.g. fig. 3A), and that makes 
the problem different. Figure 3B 
shows the simple capacitor filtered cir¬ 
cuit redrawn to better illustrate the cir¬ 
cuit action. Keep in mind that capac¬ 
itor C is charged to the peak voltage 
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with the polarity shown. The voltage 
across the transformer secondary (V) 
is in series with the capacitor voltage. 
When voltage V is positive, the trans¬ 
former voltage and capacitor voltage 
cancel out, making the diode reverse 
voltage nearly zero. But when the 
transformer voltage (V) is negative, the 
two negative voltages (V and Vc) add 
up to twice the peak voltage, or ap¬ 
proximately 2.83 times the RMS vol¬ 
tage. Therefore, the absolute mini¬ 
mum value of PIV rating for the diode 
is 2.83 times the applied RMS. If you 
prefer a 20-percent safety margin (a 
good idea), then make the diode PIV 
rating 3.4 times RMS (or more). 

The problem with the HF SSB rig re¬ 
ferred to at the beginning of this col¬ 
umn was that the PIV rating of the 
diodes was too low. The applied RMS 
voltage from the secondary of the 
power transformer in that unit was 
about 540 volts, with the peak voltage 
being approximately 750 volts. Thus, 
the maximum reverse voltage seen by 
those diodes was on the order of 1500 
volts — which is death for a 1000-volt 
PIV diode! The cure, which many 
Amateurs opted to use, was to replace 
each diode in the power supply with 
two diodes connected in series (see 
below). 

using rectifier diodes 

In most cases, especially in low- 
voltage DC power supplies used by 
many electronic circuits, we can get 
away with simply using the diodes as 
shown in the circuits above. In fig. 4, 
however, we see the so-called "prop¬ 
er" way to use the solid-state diode 
rectifier. The resistor in series with diode 
CR1 (i.e. R s ) is used to limit the forward 
current. Many circuits, especially those 
with capacitor-input filter circuits, ex¬ 
hibit a surge current at initial turn-on. 
This current can sometimes pop the di¬ 
ode, so R s is used to limit the possible 
damage. The value of resistance used 
for R s is typically 5 to 20 ohms, with a 
power rating of 2 watts. In most cases, 
however, we can eliminate R s by using 
a diode with a rating larger than the load 
current (for example, the two-times 
rule). 




R 


CRI 



1—31- 



Cl 

O.OOI 


fig. 4. Proper way to use solid state recti¬ 
fier. R s limits the surge current ex¬ 
perienced by the diode. 


Capacitor Cl in fig. 4 is used to by¬ 
pass high voltage transient spikes 
around the diode. These spikes could 
possibly blow the diode PN junction. 
In fact, high voltage line spikes make 
diodes pop with regularity. Placing the 
capacitor in parallel with the diode will 
eliminate much of that problem. The 
working voltage (WVDC) of the capac¬ 
itor should be equal to or greater than 
the PIV rating of the diode. 

By using 1000-volt PIV diodes even 
in low-voltage circuits we can eliminate 
much of the damage caused by transi¬ 
ents. We therefore would not need the 
capacitors. We can also eliminate the 
capacitors if a Metal Oxide Varistor 
(MOV) spike suppressor is used across 
the AC supply voltage. 
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fig. 6. Preferred method of mounting 
an axial lead rectifier diode above a 
PCB to dissipate heat and prevent 
damage. 


Figure 5 shows a method for using 
several diodes in series to increase the 
PIV rating. Assuming that the PIV rat¬ 
ings of the diodes are equal, then the 
overall rating is four times the rating 
of one diode. In general, if 1000-volt 
PIV diodes are used the PIV rating in 
the circuit is now 4000 volts. In the HF 
SSB transceiver we replaced the sin¬ 
gle diode with a pair of diodes con¬ 
nected exactly as shown in fig. 5. 

The capacitors used in fig. 5 are 
used for exactly the same purpose as 
those in fig. 4. The resistors, however. 
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are needed for a different purpose. 
They equalize the forward voltage drop 
across each diode. A 470-kilohm, 1- 
watt resistor is typically used for 
1000-volt PIV diodes. The wattage rat¬ 
ing is required not because of the 
power dissipation of the resistors, but 
for the voltage rating — yes, resistors 
do have voltage ratings. 

Figure 6 shows the proper method 
for mounting an axial lead rectifier on 
a perf or printed circuit board. This 
method is used anyplace where no ex¬ 
cessive vibration is expected; this in¬ 
cludes most sedentary projects or 
equipment. The space beneath the 
diode body allows air to circulate 
(keeping the diode cooler) and pre¬ 
vents diode heat from damaging the 
board. 

conclusion 

Although solid-state rectifiers are 
among the most common electronic 
components used by Amateurs, they 
are also among the most common 
causes of failure in homebrew proj¬ 
ects, repaired equipment, and equip¬ 
ment that was poorly designed from 
the beginning. By following the rules 
given above, you’ll be able to success¬ 
fully select the correct rectifier - and 
prevent reliability problems that take 
you off the air. 
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Simple modification 
allows HF and VHF 
packet operation 
with one TNC 


using an RTTY terminal unit 

with the Heathkit HD 4040 TNC 


When I first started running packet radio my 
primary mode was 2-meter FM. The TNC (terminal 
node controller) was already set up with the proper 
tone pair for 2-meter operation. I had the appropriate 
radio equipment, and there was a fair amount of oper¬ 
ating activity in the area. Operating was also very easy: 

I just dialed in the correct frequency on the HT, set 
the volume, and was on the air. 

But soon I began to long for the excitement, chal¬ 
lenge, and advantages of operating the HF Amateur 
bands. Packet was permitted on HF Amateur bands, 
but at a reduced baud rate and with a different tone 
pair than used on the 2-meter FM. It quickly became 
clear that to run both 2-meter and HF packet with the 
same TNC would require a bit of ingenuity. 

the problem 

When you first build the Heath TNC* it's set up for 
the tone pair used on VHF packet — 1200 Hz and 2200 
Hz. The wide (1 kHz) shift allows for higher baud rates 
and lower error rates than are possible with a narrower 
shift. However, spectrum requirements on the HF 
Amateur bands require the use of a narrower shift, 200 
Hz. The tones currently being used are 1600 Hz and 
1800 Hz. 

Though the on-board modem is very flexible, the 
difference in the tone pairs for the VHF and HF fre¬ 
quencies is too great for the modem to accommodate 
without changing the DIP headers and recalibrating 
the modem. (The DIP headers are the little cards with 
the resistors and capacitors on them that are plugged 
into the 1C sockets.) 

These changes, though easy to perform, do present 

' Tlio TAPR 1, AEA. line) other clones are very similar lo the Heath TNC. 
The modifications listed here should apply to them as well. 



The wires have been soldered to the OB25connector on one end 
and attached to a 20-pin header plug on the other. The header 
plug has been threaded through the hole in the back panel.The 
DB25is ready to be mounted on the back panel and the header 
inserted into J5. 

a problem: every time you want to go from VHF to 
HF and vice-versa, you have to open the cabinet, 
change the headers, and recalibrate the modem. 
Although this isn't difficult, it's sufficiently trouble¬ 
some to keep one from readily changing bands. In 
addition, the on-board modem lacks the type of filter¬ 
ing needed for reliable performance in the HF Amateur 
bands. 

the solution 

The designers of the Heath TNC included an on¬ 
board connector (J5) to allow you to use an 

By Gregory P. Latta, AA8V, 438 Eastland 
Avenue, Akron, Ohio 44305 
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EXTERNAL modem {or TU) and bypass the on-board 
modem. (Thank you, Heathkit!) If the TNC were inter¬ 
faced to an external terminal unit (TU), one would 
have the needed filtering, and changing bands would 
be reduced to switching a plug. 

TU requirements 

Certain minimum requirements that a modem 
(RTTY computer interface, terminal unit, etc.) must 
meet for operation with packet radio on the HF bands 
are detailed below: 

•The TU must be able to operate at 200 or 170 Hz shift. 
(The difference between 200 Hz and 170 Hz is small 
enough that proper operation is not impaired.) Note 
that the actual frequencies used are unimportant! As 
long as the difference in frequencies (the shift) is 200 
or 170 Hz, you can use the TU for packet radio. Just 
about all RTTY modems meet the 170 Hz requirement. 


•The TU must be able to operate at 300 baud, the rate 
commonly used for HF packet operation. Some 
modems will not operate at 300 baud without modifi¬ 
cations. Check the specifications of your TU to see 
if it meets this requirement. 

•The TU must have some type of reliable tuning indi¬ 
cator. (If it doesn't you can devise your own.) A scope 
tuning indicator is fine. Because of the nature of 
packet radio, you cannot "tune until you get the 
print." You must be able to tune in the signal "blind" 
without looking for a print-out. If you can tune in the 
signal with your printer off, then flip on the printer and 
get good copy on RTTY, your tuning indicator is prob¬ 
ably OK. 

•The TU must have an output that indicates when the 
frequency is busy (i.e., when a Mark or Space is 
present). Packet radio is computer controlled and it 
is necessary for the TNC to be able to tell whether 
someone is using the frequency. 

Some TUs have an RDA (Receive Data Available) 
output. This is ideal. If your TU lacks such an output, 
don’t despair. Some have an autostart circuit that may 
be modified to provide the needed output. If your TU 
has no autostart circuit or RDA output, you'll have to 
devise your own carrier detect circuit. (See below.) 

•The TU inputs and outputs must be TTL compati¬ 
ble. RS-232 inputs and outputs will not work and may 
damage the TNC! If in doubt, measure the voltages 
on the TU output pins under both on-off or mark- 
space conditions. If you ever obtain a negative volt¬ 
age or a positive voltage greater than 5 volts, chances 



Completed modifications to the TNC. The DB25 has been 
mounted on the back panel, and the20pin header plug has been 
plugged into J5. The jumper for VHP operation las shown in fig. 
3. but now with hood installed) has been plugged into the DB25 
connector and can be seen at the top of the photo. 
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are that the output is RS-232 and should not be used. 
Some of the better units have both TTL and RS-232 
inputs and outputs. Be sure to use those designated 
TTL. 

If you have only RS-232 inputs and outputs you can 
build a simple circuit to convert them to TTL (see fig. 
1 ). 

TU candidate 

I had been using the Heath HD-3030 RTTY Com¬ 
puter Interface on both VHF and HF RTTY for some 
time. This unit had a wonderful tuning indicator built 
in and the TU had proven its reliability under noisy con¬ 
ditions. It could also operate at 300 baud, the rate used 
for HF packet. In addition, the HD-3030 TU had an 
RDA (Receive Data Available) output that could be 
used as a "channel busy" indication. TTY inputs and 
outputs were also available. It met all the requirements 
mentioned above, and thus was an ideal choice for 
use as an external modem. 

modifying the TNC 

Before modifying the TNC, it is strongly recom¬ 
mended that you first get it working on 2-meter FM 
or some other VHF frequency. This way you can be 
sure that the TNC is operating properly. If you don't 
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fig. 3. Wiring of the jumper plug used for VHF operation. 
Photo 2shows this jumper plugged into the newly installed 
DB2S connector. 


have a VHF radio, find a ham who's running packet 
radio and let him or her hook your TNC into his or her 
system. This will also allow you to gain some familiarity 
with the operation of the TNC. After you're sure that 
the TNC is working properly, you can start the modifi¬ 
cation. 

You'll need the parts shown in table 1. 

The first step is to make the hole for mounting the 
female DB25 connector on the back panel of the TNC 
in the area marked "caution." (Be sure to remove the 
board while making the hole for the connector.) 
Because it's much easier to solder the ribbon cable 
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fig. 4. Comparison of RTTY and packet setups when an external modem is used for packet operation. Clarifies which signals 
are audio and which are digital. Note that the PTT lines have been omitted for clarity. 



4■ ' , 

I 

( J 

J3 

■ *"isf - 

Fust! loci) 

far ’* a . 

ATTENTION 

Ddbranchez le cordon d'ollmontallorr 
avanl d'ouvrir. Fusfblcr sftuc « 
I'lnlerlour 




Rear view of theTNC after modifications have been complet¬ 
ed. J3 is the transmitter jack. (See also fig. S .) 


to the connector before it has been mounted, make 
the hole but don't mount the connector yet. After 
you've cut the appropriate mounting holes, re-install 
the board in the cabinet. 

Next, connect the 20-pin header plug to one end 
of the ribbon cable. Be very careful to keep track of 
which pin is pin 1 and which is pin 20 (see fig. 2). Now 
solder the other end of the ribbon cable to the DB25 
connector. The wire from pin 1 of the header plug 
should go to pin 1 of the DB25. The wire from pin 2 
of the header plug should go to pin 2 of the DB25, 
and so on up to pin 20. Be very careful not to get any 
of the wires crossed. Check the cable with an ohm- 
meter when you're done. Finally, connect the solder 
lug to one end of a 3 inch (7.62 cm) wire. Connect 
the other end of the wire to pin 21 of the DB25 con¬ 
nector. 

Feed the header plug, ribbon cable, and wire with 
solder lug through Ihe mounting hole from the back 
and mount the DB25 connector (photo 1). Connect 



GROUND 


MSCOPfPrjl — AN OUTPUT FROM THE TNC, THE PUSH-TO TAL* LINE TO THE TRANSMITTED 
I.OW MEANS TRANSMIT; HIGH MEANS RECEIVE 

CARRIER DETECT IN (DCO) - AN INPUT TO THE TNC LOW INDICATES THAI THE CHANNEL IS 
BUSY 

TRANSMIT OATA (TXO) - All OUTPUT FROM THE TNC DATA TO Of MODULATED fir VIE 
TERMINAL UNIT. 

RECEIVE OATA (RXO) ~ AN INPUT TO THE TNC — DEMODULATED DATA FROM THE MODEM 
OR TERMINAL UNIT 


fig. 5. Diagram and explanation of the important pins on 
the newly mounted connector as viewed from the back 
panel. (See also photo 3.) 


the solder lug to the closest available ground. (A cir¬ 
cuit board mounting nut is perfect.) Plug the header 
plug into the header at J5, put on the cover, and 
you're all done! (See photo 2.) 

So far, what we've done is to move the modem con¬ 
nector from the circuit board to the back panel. For 


table 1. Parts needed for modification of the TNC. 

25-pin female DB25 connector 
25-pin male DB25 connector and hood 
No. 6 solder lug 

20-pin connector to fit header J5 
about 9 inches 123 cm) of 20-conductor 
ribbon cable 
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normal operation, it will be necessary to make a jum¬ 
per plug to replace the jumpers that were originally 
at J5. To make a jumper plug, take the male DB25 
and solder jumper wires between the following pins: 
1-2, 5-6, 7-8, 9-10,11-12,13-14,17-18,19-20 (see fig. 
3). Put the hood on the connector and plug it into the 
previously installed DB25 connector. 

That's it! At this point, you should verify that the 
TNC functions normally on VHF. If it does not, then 
there's a wiring error somewhere and it must be fixed. 

between the TU and TNC 

Even the most experienced ham is likely to be intimi¬ 
dated by the external modem section of the TNC 
manual, in which each pin ofJ5, the modem connec¬ 
tor, is described in great detail. Fortunately, however, 
we need concern ourselves with only four of the 20 
pins: two of these pins are used for input, and two 
are used for output from the HDLC chip. Before pro¬ 
ceeding with the details, a description of these inputs 
and outputs is in order. 

TNC digital inputs and outputs 

When the TNC is operated with an external modem, 
it's important to realize that the inputs and outputs 
are not audio signals, but digital signals. It is the pur¬ 
pose of the external modem (MODulator- 
DEModulator) to convert the digital signals into an 
audio form that can be used by the radio link, and vice- 
versa. The only difference in using your TU for packet 
instead of RTTY is that instead of hooking it directly 
to your computer, you hook it to the TNC, and it's 
the TNC that communicates directly with your com¬ 
puter (see fig. 4). 

There are four lines, besides ground (GND), that 
connect the TU to the TNC. Two go from the TNC 
to the TU, and two go from the TU to the TNC. The 
pin designations are for the DB25 connector installed 
earlier (see fig. 5). Recall that there's a 1:1 correspon¬ 
dence between pins 1-20 of J5 and pins 1-20 of our 
newly installed connector. 

The two output lines that run from the TNC to the 
TU are labeled "MSCOT" and "TXD." 

MSCOT (PTT) (Pin 5) is an output from the TNC 
to the modem. The name is, unfortunately, a real mis¬ 
nomer: MSCOT stands for "Miscellaneous Output," 
but this is nothing more than the TNC's PTT (Push- 
To-Talk) line. When the TNC drives this line low, the 
transmitter should be keyed or the TU should go into 
SEND mode. This should be connected to the TU's 
SEND or PTT input. Do not use this pin to directly 
key your transmitter. Doing so coqld damage the TNC. 

TXD (Pin 19) stands for "Transmitted Data." The 
data output of the TNC, will normally be connected 
to the TU's "AFSK INPUT." (AFSK stands for "Audio 
Frequency Shift Keying.") 



fig. 6. Circuit used for inverting TTL signals, necessary 
when aTTLsignal on a non-Heath TU is inverted (i.e., when 
RDA is high when it should be low, etc.). The7404 is avail¬ 
able at Radio Shack (part No. 276-1802). Top view of the 
chip. (This circuit, reproduced with permission, original¬ 
ly appeared in Don Lancaster's TTL Cookbook, published 
by Howard Sams & Co., Inc., 1978.) 


table 2. Connections for the HD-3030 RTTY TU. 


TNC pin number 


1 

(DCD) 

to 

5 

(PTT) 

to 

17 

(RXD) 

to 

19 

(TXD) 

to 

21 

(Ground) 

to 


Heath TU pin number 
1 (RDA) 

9 (SEND-N) 

3 (DMOUT-TTL) 

5 (AFSKIN-TTL) 

21 (Ground) 


The two input lines running from the TU to the TNC 
are labeled "Carrier Detect In" and "RXD." 

CARRIER DETECT IN (Pin 1) - or "DCD" for 
"Data Carrier Detect" — is an input to the TNC that 
tells the TNC when the channel is busy. A low on this 
line indicates that a carrier (mark or space) is present 
and that the TNC should not transmit. This is usually 
connected to the TU's "RDA" (Receive Data Availa¬ 
ble) output. Note that a low indicates that the chan¬ 
nel is busy. If your TU's RDA output is high when the 
channel is busy, you'll have to use an inverter circuit 
(see fig. 6). 

If you don't have an RDA output on your TU, you 
may be able to make use of its "autostart circuit" if 
it has one. What you need is a TTL output that's low 
(0 volts) when mark or space is present, and high (3-5 
volts) when mark or space is NOT present. Autostart 
circuits vary greatly, so you're on your own here. 

RXD (Pin 17) is the "Received Data" input to the 
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Closeup of J5 with 20 pin header plug installed. (See also fig. 2) 



Closeup of J5. The WD-1935 HDLC clip is seento the left of J5. 
(See also fig. 2 .1 

TNC. After your TU has decoded the audio tones arid 
converted them back into a digital signal, that signal 
is applied to this input. This normally goes to your TU's 
"DMOUT" (DeModulator OUTput) pin. 

These four lines, in addition to a ground lead, are 
all that's needed to connect the TNC to your TUI 
By the way, don’t worry if the data lines "TXD" and 
"RXD" might be inverted or "upside down." It's the 
TRANSITIONS from mark to space that count in 


packet radio. The result is that the data can be "right 
side up" or "upside down." It will work either way! 

HD-3030 

The connections given below are for the HD-3030 
RTTY TU. If you plan on using a different TU, you'll 
have to work out the connections based on the infor¬ 
mation given above. 

You'll need two 25-pin DB25 male connectors and 
hoods and a length of 4-conductor (plus ground) cable 
long enough to run from the TU to the TNC. Keep 
it as short as possible. Shielded cable is preferred. 
Make the connections shown in table 2. 

It will also be necessary to solder jumpers between 
the following pins on the TNC connector: 7-8, 9-10, 
11-12, 13-14. Note: these jumpers should be installed 
no matter what TU you use (see fig. 7). 

That's all there is to it, (although you must, of 
course, also make the appropriate connections to the 
transmitter and receiver as you did for RTTY opera¬ 
tion). Use a label maker to label the connectors so you 
can keep track of which goes to the TNC and which 
to the TU. 

modifications to the TU 

The modifications to the Heath TU are minimal. The 
time constant of the RDA circuit is much too long for 
packet operation. To reduce the time constant to a 
value suitable for both RTTY and packet, replace capa¬ 
citor C29 (a 4.7 jtF electrolytic) with a 0.047 ;<F capa¬ 
citor. If you don't plan to use the TU with RTTY, then 
a value of 0.01 /iF is more suitable. Some readjustment 
of the RDA threshold may also be necessary, as 
explained below. 

making it work 

If you're still with me and have performed all the 
necessary modifications (there really aren't that many), 
you should be ready to start operating. Unplug the 
jumper from the back of the TNC and connect the 
previously prepared cable from the TU to the I NC. 
Make the appropriate connections between the TU 
and your radio, and between your computer and the 
TNC. 

The various settings of the TNC can make or break 
the performance of your packet system. I recommend 
the following settings as a starting point: 

PACLEN 60 
HBAUD 300 
AXD 6 

DWAIT 0 
TXD 1 

FRACK 6 
MAXFRAME 1 
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fig. 7. Connections between the Heath HD-4040TNCand 
the Heath HD-3030 RTTYTU. Both connectors are shown 
as viewed from the back of the corresponding unit. 


The time settings AXD, DWAIT, and TXD will give 
adequate key-up delay while minimizing the delay in 
transmitting once the channel clears. The parameters 
PACLEN, FRACK, and MAXFRAME are set to mini¬ 
mize the lengths of packets and transmitter "on" time. 
This results in fewer retries and increased throughput 
on the frequency. You can, of course, experiment with 
all of the settings except HBAUD, which must be set 
to 300. 

NOTE: There's a bug in the resident TNC software 
(Version 3.2). The TNC won't properly receive packets 
at 300 baud until it has sent a packet or done a CW 
identification. Also, on powerup, you may get an 
"HDLC Can't Init" error. Don't worry. This is also eas¬ 
ily solved by making the TNC identify. Therefore, after 
setting HBAUD to 300, or after powerup, enter ID 
< RETURN > . This will cause the TNC to identify and 
initialize the HDLC chip so that you can receive 
packets. 

It's best to gain some listening experience before 
jumping into your first QSO. Tuning is critical, and 
there's no point trying to transmit packets unless you 
can receive them. 

Make sure that you've enabled all of the TNC moni¬ 


tor functions: (M ON, MALL ON, MCON ON, MFROM 
ALL, MTO ALL, MAX FRAME 1). Next, set your 
receiver bandwidth to approximately 1 kHz. (After 
receiving packets you may be able to use a narrower 
bandpass, but in some receivers 400 Hz to 500 Hz is 
too narrow for proper operation.) Tune your receiver 
to one of the HF packet frequencies currently in use: 
7.097, 14.103, 14.105, or 14.107 MHz. The latter is a 
good choice to start with because it's usually active 
at all times of the day, and signals are usually fairly 
strong. 

Packet signals make a very distinctive whirring 
noise. But you must tune quickly, because individual 
packets don't last long. Tune as if you were tuning 
in an RTTY station, but note that the packet will not 
be displayed until all of it has been received. (This is 
why you must be able to tune "blind.") Also, if there 
are any errors in the packet, it won't be displayed. 
After a little practice you'll get the hang of it, and 
packets will be flying across your screen! 

Transmitting is no problem, although you may find 
that the TNC waits a long time before transmitting the 
packet. These long waits (sometimes almost forever) 
are caused by the TNC's "thinking" that the channel 
is busy when it really isn't. This usually indicates that 
the signal on the "Carrier Detect" or DCD input is 
hanging on too long. With the Heath TU, this means 
that the RDA (Receive Data Available) indicator is 
hanging on too long. To keep this from happening, 
reduce the receive audio to the minimum needed to 
trip the RDA circuit. Also adjust the RDA threshold 
so that the circuit trips at the highest allowed audio 
level. These settings will cause the RDA light to go 
off as quickly as possible once the frequency is clear. 

Other TUs may also exhibit the same problem. The 
cure is to simply find a way to reduce the time cons¬ 
tant of the circuit driving the "Carrier Detect" or 
"DCD" input of the TNC to a suitably low value. If 
the time constant is too long, the TNC will think the 
frequency is always busy and never initiate a trans¬ 
mission. 

conclusion 

This TNC-RTTY TU combination has been in use 
for almost a year with good results. Switching be¬ 
tween HF and VHF operation is very easy, since all 
one need do is remove the jumper on the back of the 
TNC and plug in the TU. 

I hope that the information given here will enable 
many people to get in on the fun of HF packet radio. 
The interfacing information under "Digital Inputs and 
Outputs" should also be useful to those VHF opera¬ 
tors who want to try using very high speed modems 
or some of the exotic modulation techniques that are 
permitted on the VHF bands. 

ham radio 
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microwave and 
millimeter wave 
propagation: part 2 

Last month's column, an introduc¬ 
tion to microwave and millimeter-wave 
propagation, provided tables of fre¬ 
quency allocations and DX records es¬ 
tablished on these frequencies. 1 It 
stressed that at present, the primary 
mode of propagation on these fre¬ 
quencies is line-of-sight (LOS). 

It was further noted that the appar¬ 
ent attenuation of an RF signal be¬ 
tween two stations is more of a phys¬ 
ical phenomenon than an electrical 
parameter. This is because of the de¬ 
crease in the wavelength or size of a 
dipole antenna and hence its capture 
area. Therefore, if transmitter power, 
receiver sensitivity, and the size of the 
antenna are kept constant, the signal- 
to-noise ratio will actually increase as 
you go higher in frequency! This ap¬ 
parent "path loss" can be calculated 
using the equations and graph found 
in reference 1. 

Ironically, the same propagation 
modes that serve as media for DX are 
the bane of commercial microwave 
users because they can induce path 
disruptions, outages, or interference. 
These modes — which microwave 
users often call "non-standard" or 
"anomalous" propagation — are the 
very ones that Amateurs are interest¬ 
ed in exploiting for DX purposes. 

tropospheric propagation 

LOS propagation assumes that both 
stations can "see" each other. But this 
would be true only if you were operat¬ 


ing in a complete vacuum, where the 
speed of light is constant. In the 
Earth's atmosphere, the presence of 
atmospheric gases and water mole¬ 
cules causes radio waves to travel 
more slowly. 

In a standard atmosphere, the baro¬ 
metric pressure, temperature, and 
water vapor content all decrease line¬ 
arly as altitude increases. Atmospher¬ 
ic density — the combination of these 
properties — also decreases with alti¬ 
tude. When microwave or millimeter- 
wave signals pass from dense air to 
thinner air, they undergo a change in 
direction proportional to the difference 
in density; this happens because the 
portion of the wavefront that enters 
the thinner air layer first begins to trav¬ 
el faster than the portion still in the 
dense air. 

The result is a bending or refraction 
towards the denser air, which causes 
the signals to follow the contour of the 
Earth. Hence under normal weather 
conditions you can usually work about 
25 to 50 percent further than the LOS 
path. If there's an extreme drop in at¬ 
mospheric pressure with increasing al¬ 
titude, anomalous or possibly extend¬ 
ed propagation may occur; Amateurs 
often refer to this phenomenon as a 
"tropo" opening. 

The amount of bending, known as 
the refractive index gradient, is more 
frequently referred to as the Earth's 
radius factor, or K. During standard at¬ 
mospheric conditions, K will be 1.2 for 
dry elevated areas and 1.33 for inland 
areas. What this means is that under 
normal conditions, the typical path dis¬ 


tance is 1.2 to 1.33 times the LOS 
distance. 

However, K may reach 2 or 3 in hu¬ 
mid coastal areas, which explains why 
coastal stations often enjoy improved 
propagation, especially over water. If 
an abnormal weather condition is pre¬ 
sent, the K index may go below 1 or 
even negative. If this happens, the 
path may become trapped or com¬ 
pletely blocked, greatly attenuating the 
signals on a given path. 

tropo bending and 
super-refraction 

One of the most widely used DX 
propagation modes employed on the 
microwave and millimeter-wave fre¬ 
quencies is tropo bending. This often 
happens when the refractive index, K, 
goes positive beyond a value of 2. 

If K gets very large, super-refraction 
takes place and microwave and milli¬ 
meter-wave signals travel relatively un¬ 
attenuated. They follow the curvature 
of the Earth for considerable distances 
until they reach a point where the K 
index drops back to normal. Methods 
of calculating the refractive index are 
discussed in references 2 and 3. 

A rise in the K index results from 
changes in the atmosphere that result 
from abnormal weather conditions. 
For example, cool air passes over a 
warm body of water, causing evapo¬ 
ration of the water and a subsequent 
temperature inversion. Or a cold front 
may pass over an area of warm, sta¬ 
ble weather, causing a marked 
decrease in total moisture content as 
altitude increases. 
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fig. 1. These graphs are examples of the standard atmosphere and typical ducts. (A) Temperature versus altitude graph 
of the "Standard Atmosphere." Temperature decreases approximately 2.5 degrees F per 1000 feet (1.0 degree C per 220 
meters). (B) Typical evaporation duct that often happens over warm bodies of water is caused by a temperature inversion 
near the surface. "D" is the duct height. (C) Elevated duct. (D) Elevated duct that has its lower limits right at the surface. 
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These conditions typically occur be¬ 
tween late spring and fall, but can hap¬ 
pen at any time of the year. Openings 
also tend to be more pronounced in 
the evenings and around sunrise. They 
occur less frequently around noon, 
when the sun tends to warm the lay¬ 
ers more uniformly. 

In the southern portions of the con¬ 
tinental United States, especially near 
the Gulf of Mexico, tropo openings be¬ 
gin in the late winter and continue 
through the spring. Optimum DX con¬ 
ditions across the Pacific between the 
west coast of the continental United 
States and Hawaii tend to peak in the 
summer. In the regions north and east 
of the Mississippi River, the longest 
overland DX via tropo bending tends 
to peak in the late summer and early 
fall. 

At colder temperatures, the contri¬ 
bution of water vapor to refractivity is 
small because the saturated vapor 
pressure is low. However, at higher 
temperatures, humidity plays an in¬ 
creasingly important role in refraction. 
Therefore, refraction changes are least 
expected at northern latitudes but can 
be severe in hot, moist climates, espe¬ 
cially in the equatorial regions. 

The best DX conditions occur when 
the weather has been warm with high 
barometric pressure typically above 
30.3 inches, and especially when a 
high pressure region is stalled or mov¬ 
ing slowly across an area. 45 Then, if 
a weather front approaches, the high 
will move away, the barometric pres¬ 
sure will fall, and an opening may oc¬ 
cur even if the barometer drops lower 
than 30 inches. I've noticed, by the 
way, that the best contacts take place 
between stations that have similar bar¬ 
ometric pressure. 

ducting 

When the K index gets very high, a 
duct may form near the surface of the 
earth. These ducts act like a wave¬ 
guide and propagate signals with ex¬ 
tremely low attenuation. The height of 
the duct determines the range of fre¬ 
quencies that will propagate best with¬ 
in the duct. 

Figure 1A shows the so-called 


"standard atmosphere." Note that 
temperature decreases at a uniform 
rate with increasing altitude. For com¬ 
parison, temperature typically drops 
about 2.5 degrees F per 1000 feet. 

Figure IB shows the typical atmos¬ 
phere when a temperature inversion is 
present. If the bend is sharp enough, 
a duct will form. This condition typi¬ 
cally occurs over warm bodies of water 
and is caused by temperature inversion 
near the surface of the water. Signals 
present below the duct will be slightly 
attenuated. However, if you're above 
the duct, as you might be during hill¬ 
top or mountaintop operation, your 
signal will undergo severe attenuation 
towards the duct and you may find 
communications to be impossible — 
although others in the duct may be ex¬ 
periencing good conditions. 

Figure 1C shows a typical profile for 
an elevated duct. In this case, elevat¬ 
ed or mountaintop stations at the 
proper elevation will experience little or 
no signal attenuation. Those above or 
below the duct will experience severe 
attenuation. This profile is very typical 
of the ducting that occurs between 
California and Hawaii at the Hawaiian 
end. It was carefully measured in the 
late 1950s by U.S. Navy planes flying 
at various altitudes near the Hawaiian 
Islands while monitoring beacons from 
the California coast. 

In the mid-1970s several Amateurs 
observed this characteristic by driving 
up and down the side of Mauna Loa 
on the island of Hawaii. This is one of 
the reasons that propagation beacons 
are now located just over 8000 feet 
above sea level on the side of Mauna 
Loa. An elevated duct could drop over 
the path and actually touch the surface 
as shown on fig. ID. This is probably 
the typical situation at the California 
end of the trans-Pacific tropo records. 

During the ARRL VHF contest in 
September, 1984, there was strong 
evidence to suggest that an elevated 
duct was the cause of the long dis¬ 
tance covered. Jim Stewart, 
WA4MVI, decided to test the theory 
by flying a private aircraft at various al¬ 
titudes on the southern end of the 
openings (in western South Carolina, 


in grid square EM-84). He monitored 
the 432.1-MHz signal of W2SZ/1, lo¬ 
cated on Mount Greylock in western 
Massachusetts at about 3500 feet 
above sea level. 

The elevated temperature data he 
took, shown in fig. 2 , is unmistakably 
that of elevated ducting. Signals were 
strongest between 6000 and 8500 feet 
above sea level. Signals were very 
weak above 9500 feet and barely read¬ 
able above 10,000 feet. Signals de¬ 
creased slowly below 4000 feet. 
Ironically, the wind speed in the duct 
was 40 to 45 knots from the east, but 
30 knots from the west above the 
duct! Hurricane Diana was located just 
off the northeast coast of Florida at the 
time. 

Unlike a metal waveguide, a duct 
doesn't have a sharp cutoff frequen¬ 
cy. It has a rather slow transition from 
good trapping (low leakage) to poor 
trapping (high leakage). The cutoff fre¬ 
quency of a duct is the lowest frequen¬ 
cy that will support propagation. 

Generally speaking, the duct im¬ 
proves as the frequency is increased 
until the walls of the duct become too 
irregular for propagation. Furthermore, 
the cutoff frequency of a surface duct 
is lower than that of an elevated duct. 6 

Duct heights of 150 to 1500 feet are 
most common and seem to be opti¬ 
mum for frequencies of 50 MHz 
through 1500 MHz 34 . Thinner ducts 
that favor the microwave frequencies 
are present but are harder to use be¬ 
cause of their narrow height. The Eur¬ 
opeans have been exploiting these 
narrower ducts for years by operating 
on beaches and near large bodies of 
water during the times of the year 
when these conditions are most likely 
to occur. By moving your station and 
antenna height around, an optimum 
location can be found — if ducts are 
present. 

scattering 

Many types of scatter propagation 
are especially useful on the microwave 
frequencies but often overlooked by 
Amateurs. These include, but are not 
limited to, aurora, tropospheric scat¬ 
ter, aircraft scatter, rain scatter, light- 


72 51 August 1986 




TEMPERATURE CF) 

4.5 7.2 10 12.3 15.5 13.3 21 24 

TEMPERATURE CC) 

fig. 2. Temperature versus altitude for a typical day as well as data taken at 1400 UTC 
on September 9, 1984, in the western portion of South Carolina. WA4MVI measured 
the temperature from an aircraft. Note the breaks at 5000 and 7400 feet (1525 and 2255 
meters). See text for further information. 


ning scatter, knife-edge diffraction or 
obstacle gain, and scatter from tall or 
large objects. 

Generally speaking, scatter modes 
are much more lossy than tropospheric 
propagation but provide a means to 
communicate when the normal modes 
of propagation aren't available. Thus 
they can provide moderate to long DX 
more regularly when properly under¬ 
stood and exploited. Because they're 
more lossy, use better equipment such 
as higher power and greater antenna 
gain (more on this later). 

Aurora. This mode of scatter propa 
gation has been widely exploited on 
the frequencies below 450 MHz. 4 - 5 
Table 4 in reference 5 lists recent 
records, although all of them were ex¬ 
ceeded in the February 8, 1986 aurora. 
Professional studies have shown that 
auroral scatter is usable up through the 


13-cm (2450-MHz) band, but I've never 
heard of any successful Amateur au¬ 
rora QSOs above 450 MHz. 

One of the problems with auroral 
propagation is frequency spread. As 
you go higher in frequency, signals are 
spread out over a wider bandwidth, so 
wide bandwidth (2 kHz minimum) re¬ 
ceivers are desired. Aurora signals on 
the UHF bands usually sound as if the 
background noise level is being keyed 
to a higher level. Therefore, the receiv¬ 
ed SNR is reduced. 

Although this can be offset by using 
higher gain antennas, doing so also 
has its drawbacks. The higher the fre¬ 
quency, the narrower the "hot spot." 
Hence it will be more difficult to locate 
the optimum reflection point. Add this 
to the difference in geometry with the 
station to be worked and you have 
some fairly tight windows to match. 

One of the parameters most over¬ 


looked by Amateurs operating auroral 
scatter is doppler shift. During the 
auroral opening on February 8, 1986, 
doppler shifts of up to 4 kHz were ob¬ 
served at 432 MHz. This is clearly out 
of the tuning range of the RIT on many 
modern transceivers! Needless to say, 
there was much QRM and many in¬ 
complete QSOs. 

To work aurora on the microwave 
bands, look for a high MUF. This us¬ 
ually happens in the early portion of 
the opening, especially when radio sta¬ 
tion WWV is broadcasting a K index 
of 5 or higher. Other operating tips for 
detecting aurora are described in de 
tail in references 4 and 5. 

Because of the difficulty of proper¬ 
ly aiming your antenna, time-sequenc¬ 
ed schedules with stations on or within 
a few degrees of your latitude are 
recommended. The higher the power, 
the better — up to the legal limit — 
with a moderate (20 dBi maximum) an¬ 
tenna gain to maximize the chances of 
hitting the hot spot. Keep your trans¬ 
mitter frequency fixed and listen up to 
+ 20 kHz! Let me know if you com¬ 
plete a QSO above 450 MHz so we can 
get you into the record book. 

Tropospheric scatter. This mode of 
propagation, widely used in the com¬ 
mercial and government sectors, is 
often referred to as troposcatter. Huge 
billboard-type antennas are often used 
with high power for very high reliabili 
ty communications over reasonable 
distances (120 to 620 miles) in the 400 
to 5000-MHz frequency range. Even 
wideband systems such as multiplexed 
telephone links are used. 

The principle of troposcatter is quite 
straightforward. There are numerous 
dust particles, clouds, and refractive 
index changes in the troposphere 
(1000 to 5000 feet above sea level) that 
can reflect or scatter microwave sig¬ 
nals. If two stations want to commu¬ 
nicate, all they have to do is to aim 
their antennas at a common volume or 
scattering spot as shown in fig. 3. 
Amateur troposcatter communications 
on frequencies even as high as 3 cm 
(10 GHz) have been successful, even 
with moderate (10 watts) power levels! 
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fig. 3. Geometry involved for conducting troposcatter communications, "H" is the 
height of the scattering medium and "D" is the Great Circle distance between the sta¬ 
tions. 


For best results the beamwidth of 
the antenna should be moderate (at 
least a few degrees) because too nar¬ 
row a beamwidth will miss some of the 
returns from the scattering volume. 
Ideally, both stations should use ap¬ 
proximately the same beamwidth. An¬ 
tenna elevation angles should be high¬ 
er for shorter distances and lower (1 
to 2 degrees) for longer distances. For 
best results there should be a clear 
horizon because any obstructions will 
severely attenuate the signals. 

Troposcatter can be quite reliable 
and yield good DX, especially on the 
microwave bands, but is seldom men¬ 
tioned by Amateurs. The path loss is 
roughly equivalent to EME operation 
for the longer distances just men¬ 
tioned. New low-noise GaAs FETsand 
recent developments in higher solid- 
state power amplifiers make antenna- 
mounted gear useful in decreasing 
feedline losses. Further information on 
troposcatter communications can be 
found in reference 7. 

Aircraft scatter. References 4 and 5 
mentioned the tremendous possibilities 
for QSOs using aircraft scatter out to 
500 miles. As the frequency increases, 
so does the effectiveness of the scat¬ 
tering medium — i.e., the aircraft. 
Hence there are many possibilities for 
moderate microwave DX, especially if 
you live on a path where there are fre¬ 
quent flights, especially at higher alti¬ 
tudes such as in the midwest. 

Communicating via aircraft scatter 
does require timing and patience. Be¬ 
cause most aircraft travel at sufficiently 
high speeds, there will also usually be 
doppler shift. I have seen shifts ap¬ 
proaching 1 kHz at 2304 MHz. 

One other caution: aircraft are still 
quite usable even after they move off 
the direct path, but only if you and the 
station being worked both follow the 
aircraft by moving your antenna posi¬ 
tions accordingly. I've observed azi¬ 
muth changes up to 5 degrees at 13 
cm; these can be catastrophic if high 
gain antennas are used. This micro- 
wave propagation mode represents an 
exciting possibililty for year-round 
communications. 


Lightning scatter. The possibilities of 
lightning scatter QSOs were described 
in reference 4. To my knowledge, this 
mode has been exploited only through 
450 MHz, but should be usable 
through the microwave frequencies. 

As described in reference 4, both 
stations should aim at the storm cen¬ 
ter. In this respect, communication will 
be sort of a cross between aurora and 
meteor burst because it will occur in 
bursts that coincide with the lightning 
itself. Hence communications may be 
erratic and doppler shift will be quite 
evident. 

Although this mode of propagation 
has received very little attention, it 
should yield exciting opportunities for 
stations located in regions where light¬ 
ning is quite prevalent, such as in the 
Gulf states and in the Rocky Moun¬ 
tains. 

Rain scatter. This mode of propaga¬ 
tion was only recently discovered in 
the UK. 4 Amateurs aiming their anten¬ 
nas in the direction of a severe rain 
storm noticed scatter communications 
over paths where normal communica¬ 
tions were not possible. 

Best results have been on 3 cm. In 
some cases one of the two stations in¬ 
volved was aiming straight up as a 
storm cell passed overhead. This mode 
should be possible at 5.6 GHz, but 
tests are inconclusive. 


Millimeter propagation via rain scat¬ 
ter will probably not be possible, for 
reasons to be explained shortly. While 
this isn't a propagation mode for those 
using Gunnplexers, it should be quite 
exciting for well-equipped stations us¬ 
ing narrowband communications gear. 
Stations with obstructed paths — and 
especially stations not situated at high 
locations — are particularly favored, 
especially if they can elevate their an¬ 
tennas. 

obstacle gain 

We often think that obstacles such 
as hills or mountain tops are impossi¬ 
ble barriers to microwave and milli¬ 
meter-wave signals, but this isn't true. 
Experiments have shown that if the 
peak on a mountain or hill is reason¬ 
ably sharp, it can reradiate signals in 
a propagation mode called "knife edge 
diffraction" 4 . 

Commercial microwave communi¬ 
cations stations have used this mode 
for many years. The sharper the peak 
and the closer it is to one end of the 
path, the more efficient it will be for 
diffraction. This is an ideal setup for 
stations located in valleys or those hav¬ 
ing obstacles that would limit LOS pro¬ 
pagation. 

Tall buildings, structures, hills, and 
mountains can also be used to scatter 
microwave and millimeter-wave sig¬ 
nals. If no LOS path is available, but 
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a tall structure or hill is present, both 
stations should aim at the structure or 
hill and scatter their signals that way. 
23 cm and up seem to be ideal for this 
mode. 

EME communications 

This is another form of scatter com¬ 
munications. The path loss is typical¬ 
ly 275 dB at 1296 MHz and proportion¬ 
ally higher as you go up in frequency. 
The background or sky noise tempera¬ 
ture above 900 MHz is very low. A 
good low-noise parabolic dish, 12 to 15 
feet in diameter, with a low noise 
GaAs FET preamplifier and 100 watts, 
is more than sufficient to produce 
echoes at 1296 MHz and above. Fur¬ 
thermore, if the antenna size is kept 
constant, the signal strength will ac¬ 
tually increase as you go higher in fre¬ 
quency! 

The highest reported Amateur QSO 
via EME is at 2320 MHz. There are no 
reports yet in the new 33-cm band. 
The possibilities of EME are endless 
because there are typically 8 to 11 
hours of moon-time every day of the 
year. 

EME communications also yields a 
platform for testing new antennas, 
preamplifiers, and transmitters; you're 
able to listen to your improvements 2.5 
seconds later! No more wondering if 
your gear is functional or if the band 
is open but no one's there. You know 
that path is open! EME offers a great 
challenge and is within Amateur capa¬ 
bilities at least through 3 cm! 

millimeter-wave propa¬ 
gation 

So far, most of the propagation 
modes mentioned apply mainly to 
microwaves. Millimeter-wave — or the 
world above 3 cm — is definitely more 
challenging than the microwave fre¬ 
quencies. Tropospheric and some of 
the scatter modes of propagation are 
available but more difficult to explore 
fully. With the millimeter-wave gear 
presently available, most operation de¬ 
pends upon LOS propagation. 

But it won't always be easy. Why? 
Because as you go above 20 GHz, you 
approach the resonance frequencies of 


water and oxygen. As a result, there 
may be unexpected attenuation due to 
absorption, especially on certain fre¬ 
quencies, some of which are in or near 
our Amateur bands. 

Furthermore, fog and rain have a 
pronounced effect on millimeter-wave 
band performance. Two things must 
be remembered for improving milli¬ 
meter-wave operation: first, for great¬ 
est distances, operate on a day when 
the humidity is low. This probably 
means the late fall or even winter — 
definitely not the time of year during 
which you'd normally expect to set DX 
records. Second, as you go higher in 
altitude, absorption attenuation and 
humidity usually drop, so mountain¬ 
topping is highly recommended. 

Figure 4 is useful for determining 
the additional path loss due to water 
and oxygen absorption. Note that the 
additional path loss is not only a func¬ 
tion of frequency but also of path 


length. Therefore, in order to deter¬ 
mine the nominal loss on a millimeter- 
wave path, you have to first determine 
the normal LOS path loss using eqns 
1 and 2 or fig. 1 in reference 1 and 
then add this to the loss attributable 
to oxygen and water absorption. 

For example, let's assume that 
you're calculating the LOS path loss 
for a 20-mile link on 24 GHz. Using 
reference 1, the nominal path loss is 
approximately 151 dB. Figure 4 shows 
that the additional loss due to absorp¬ 
tion is approximately 0.32 dB per mile 
because of the proximity of water 
resonance (frequency). So the addi¬ 
tional attenuation is 6.4 dB for a total 
LOS path loss of approximately 157.4 
dB. As a rule of thumb, the absorption 
attenuation will be about one-tenth the 
sea level value shown in fig. 4 at 
30,000 feet elevation. Anyone for try¬ 
ing Mount Everest? 

The absorption losses at 48 GHz are 
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about the same as at 24 GHz, although 
the LOS path loss is 6 dB higher. 
However, on our new 4-mm (76 GHz) 
band the absorption losses would be 
about 5 times higher! This is true be¬ 
cause the latter band is close to the 
resonance frequency of oxygen. 

The 75 GHz band, then, is a real 
challenge to Amateurs. Late-breaking 
news is that the first known Amateur 
QSO on 75 GHz took place on Decem¬ 
ber 30, 1985, between HB9AGE and 
HB9MIN at a distance of 0.3 miles. 
Congratulations! 

passive reflectors 

Special reflectors can be used to 
great advantage on the upper micro- 
wave and millimeter-wave bands. They 
can scatter signals in a manner similar 
to that of obstacle gain just discussed. 

However, while mountains can’t be 
easily moved, passive reflectors can be 
optimized because the direction can 
usually be controlled. One type of 
reflector, often called a "billboard," is 
commonly used in the commercial 
community in situations in which 
mountains or hills must be spanned 
but the equipment can't be mounted 
high enough. As with knife-edge dif¬ 
fraction, the optimum solution is to 
mount the reflector closer to one sta¬ 
tion rather than at or near the middle 
of the path. 

A special variation of the passive 
reflector popular among European 
Amateurs is the "flyswatter" or "peri¬ 
scope" antenna. 89 ,0 Often used on 3 
cm and above, its active equipment is 
mounted near the ground. Its power 
is radiated from a horn or small para¬ 
bolic dish antenna aimed directly at a 
large reflecting surface placed at a 
45-degree angle between 50 and 100 
feet above this radiator. The reflective 
surface reradiates most of the RF inthe 
desired direction. This antenna config¬ 
uration is particularly recommended 
for stations that would normally re¬ 
quire long runs of transmission line. 

repeaters 

Although this particular column ad¬ 
dresses weak-signal work, I would be 
remiss if I didn't at least mention ac¬ 


tive repeaters. Let's face it: FM repeat¬ 
ers are everywhere. For technical 
reasons, it's often desirable to separate 
the receiver and transmitter by a good 
distance, so there's the need for a link 
between the two sites. 

Low-power links are usually all that's 
required to connect the repeater re¬ 
ceiver and transmitter. Microwave 
links, even those as simple as Gunn- 
plexers, are ideal for this type of com 
munications. So when you access a 
2-meter FM repeater, you may be us¬ 
ing the microwave bands without even 
knowing it! 

major obstacles to 
communications 

So far I've been stressing the posi¬ 
tive possibilities of microwave and 
millimeter-wave propagation. But to 
be honest, communication on the 
microwave and millimeter-wave fre¬ 
quencies has its shortcomings — but 
these are usually a challenge to the en¬ 
terprising Amateur. 

Ice, rain, and fog surely present 
problems, especially on the millimeter- 
wave bands as just discussed. Try to 
work around them by choosing clear, 
dry weather or by operating from a 
high location when attempting new 
DX records. 

Foliage attenuation — even that 
caused by evergreens — can totally 
disrupt a microwave path. In fact, the 
additional attenuation from deciduous 
and evergreen foliage can even be no¬ 
ticed at as low as 2 meters! On 23 cm 
and above, pine needles act like reradi¬ 
ating dipoles that significantly increase 
the attenuation on a particular path. 
Operation in the winter is no real cure- 
all, either, since most of the good tro- 
po types of propagation aren't preva¬ 
lent at this time of year. Recently 
there's been a lot of interest in foliage 
attenuation, especially in mobile com¬ 
munications and on the microwave 
bands. In fact, some typical data is just 
beginning to be correlated. It's been 
suggested that between 200 MHz and 
95 GHz, attenuation can be calculat¬ 
ed — if the depth of a grove of trees 
to be penetrated is less than 1200 1 feet 
— using the following equation: 


L = 0,187 • fO-284 • DO.588 (1) 

where L is loss in dB, f is frequency 
in MHz, and D is depth of the grove 
expressed in meters. The CCIR Study 
Group recommends a more simplified 
equation: 

L = 0.2 • f0.3 • do-6 (2) 

For example, using a scientific cal¬ 
culator, the attenuation through a IO¬ 
meter grove of trees at 1 GHz would 
be about 5.15 dB using eqn 1 and 6.32 
dB using eqn 2. Although there are 
differences, this may be the first time 
that Amateurs may be able to quanti¬ 
tatively determine the destructive ef¬ 
fects of foliage attenuation. 

Before leaving the subject of obsta¬ 
cles to propagation, it may be ap¬ 
propriate to again review the subject 
of antenna height. I've pointed out 
many times that the maximum height 
for Amateur antennas on VHF and 
above should be 2 to 3 wavelengths, 
or just above any local obstructions, 
whichever is higher. 

This factor is particularly true as fre¬ 
quency increases. A taller tower re¬ 
quires a longer transmission line that 
can often increase attenuation at a 
faster rate than the increased gain at¬ 
tributable to greater antenna height. 
The overall loss of transmitter power 
is important, but the loss in the re¬ 
ceived signal is often more important, 
since the noise levels are usually so low 
above 1 GHz. 

summary 

This two-part series was prepared to 
give an overall view of microwave and 
millimeter-wave radio propagation and 
how to best exploit DXing on those 
bands. Many of the typical propaga¬ 
tion modes — and some of the lesser 
known ones — were discussed. Light 
waves were not discussed because 
they're a subject in themselves. 

Because the majority of radio propa¬ 
gation conditions that facilitate DX 
operation are called "anomalous" or 
"disruptive" by commercial and gov¬ 
ernment users, most research has 
been done from a negative point of 
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view. It is up to Amateurs to see the 
positive side of this data. 

Many of the references used in prep¬ 
aration of this column weren't detailed 
because they are cited in the referen¬ 
ces listed, particularly in references 4 
and 5. 
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See you soon on the microwave and 
millimeter-wave bands! 
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important VHF/UHF events: 


August 2-3 
August 12 


August 16 
August 28-31 


September 6 • 7 

September 12 
September 13■ 14 
September 26-27 


ARRL UHF Contest 
Predicted peak at the Per 
seats meteor shower at 
0700 UTC 
BMP perigee 

"Microwave Update 1986 
Conference ," Estes Park, 
Colorado Icontact 
WOPWl 

International Region 1 
VHF Contest. 

BMC perigee 
ARRL VHF OSO Party. 
First ARRL 10 GH / Cu¬ 
ff} u/ative Contest. 
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Receive 

Froq. 

Range 

Only 

(MHz) 

P28VD 

28-30 

P50VD 

50-54 

P50VDG 

50-54 

P144VD 

144-140 

P144VOA 

144-148 

P144VDG 

144-140 

P220VD 

220-225 

P220VDA 

220-225 

P220VDG 

220-225 

P432VD 

420-450 

P432VDA 

420-450 

P432VDG 

420-450 

Inline (rl switched) 

SP20VD 

20-30 

SP50VD 

50-54 

SP50VDG 

50-54 

SP144VD 

144-140 

SP144VDA 

144-140 

SP144VDG 

144-140 

SP220VD 

220-225 

SP220VDA 

220-225 

SP220VDG 

220-225 

SP432VQ 

420-450 

SP432VDA 

420-450 

SP432VDG 

420-450 


N.F. 

Gain 

1 dB 
Comp. 

(dB) 

(dB) 

(dBm) 

< 7.1 

15 

0 

<1.3 

15 

0 

<0.5 

24 

+ 12 

<1.5 

15 

0 

<1.0 

15 

0 

<0.5 

24 

+ 12 

< 1.0 

15 

0 

<1.2 

15 

0 

<0.5 

20 

+ 12 

<1.8 

15 

-20 

<1.1 

17 

-20 

<0.5 

16 

+ 12 


<1.2 

15 

0 

<1.4 

15 

0 

<0.55 

24 

+ 12 

<1.6 

15 

0 

<1.1 

15 

0 

<0.55 

24 

+ 12 

< 1.9 

15 

0 

<1.3 

15 

0 

<0.55 

20 

+ 12 

<1.9 

15 

-20 

<1.2 

17 

-20 

<0.55 

16 

■f 12 


Devi co 
Typo 

Price 

DGFET 

$29.95 

DGFET 

$29.95 

GoAsFET 

$79.95 

DGFET 

$29.95 

DGFET 

$37.95 

GnAsFET 

$79.95 

DGFET 

$29.95 

DGFET 

$37.95 

GaAsFET 

$79.95 

Bipolar 

$32.95 

Bipolar 

GaAsFET 

$49.95 

$79.95 

DGFET 

$59.95 

DGFET 

$59.95 

GaAsFET 

$109.95 

DGFET 

$59.95 

DGFET 

$67.95 

GoAsFET 

$109.95 

DGFET 

$59,95 

DGFET 

$67.95 

GaAsFET 

$109.95 

Bipolar 

$62.95 

Bipolar 

GaAsFET 

$79.95 

$109.95 


Every preampllller Is precision aligned on ARR’o Hewlett Packard HP097OA/HP340A atato-ot-tho-ert noise llguro 
meter. RX only preamplifiers ere for receive applications only. Inline preamplifiers ere rf sw/fehod (tor use 
with transceivers) end handlo 25 watts transmitter power. Mount Inline proampllllers betwoon transceiver 
and power amplifier lor high power applications. Other amateur, commercial end special proampllflere available 

In the 1-1000 MHz range. Please Include $2 shipping In 
U.S. and Canada. Connecticut residents add 7•*/»% 
sales tax. C.O.D. orders add $2. Air mall to foreign coun- 
trloa add 10%. Order your ARR Rx only or Inllno 
preampllller today and start hearing like never before! 
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BRAND NEW - JUST RELEASED HOT OFF THE PRESS!!! 

GET * * * CONNECTED to Packet Radio 

by Jim Grubbs, K9EI 

Beginners ’ guide to Packet Radio operation. 

Packet communications is one ol the hottest subjects in Amateur Radio these days Noted com¬ 
puter author Jim Grubbs, author ol the Commodore Ham s Companion and Command Post, has 
put together one ol the first books on how to gel on Packet Radio Packet basics are fully dis¬ 
cussed in a siep by-slep manner Subjects also covered are selecting a TNG, selling up your 
computer. Packet organizations and publications, protocol, networking, Packet answering ma¬ 
chine. file translers, accessories and more! 1986 208 pages, 1 st Edition 
l JG-PR Softbound S12.95 

Also availaole The Commodore Ham 's Companion. Order code JG-CC. $15 95. 
and Command Post. Order code JG-CP, $9.95 
Please add $3 50 tor shipping and handling 

Ham Radio’s Bookstore 

Greenville, NH 03048 






how to plot great circles 

on your favorite map 


Bearings at a glance 
for the Amateur DXer 

Many active hams can recall the tremendous 
activity of the FCC in the years just before and during 
World War II. At the time, the authors were engineers 
engaged in developing a system for intercepting 
unauthorized, possibly subversive, radio transmissions 
and attempting to determine their source. These activi¬ 
ties were part of the wartime mission of the FCC's 
Radio Intelligence Division (RID), under the direction 
of George E. Sterling, W1AE, and the late Charles A. 
Ellert, W3LO. Even before the United States entered 
the war, RID had developed a nationwide system of 
monitoring and direction finding for these purposes. 

Shortly after the bombing of Pearl Harbor, the mili¬ 
tary requested that the FCC assume responsibility for 
radio security of the Territory of Hawaii. It also asked 
that a direction-finding system be established to pro¬ 
vide navigational information for lost military aircraft 
flying over the Pacific Ocean, generally from the west 
coast to Hawaii. Six Adcock DF stations were located 
at strategic sites on Oahu, Kauai, Maui, Molokai, and 
the "big island," Hawaii. These stations maintained 
two-way radio communication with the Radio Secu¬ 
rity Center in Honolulu, where bearings on lost aircraft 
transmissions were plotted and evaluated, with the 
results then transmitted to Hickam Air Force Base. 

At the Radio Security Center, bearings were plot¬ 
ted on a Gnomonic Projection map of the central 
Pacific area. Individual "compass roses" for each 
Adcock station were computed, using the meridian 
intercept system developed by Charles Ellert. It is a 
tribute to Sterling and Ellert that the Hawaiian system, 
with its DF bearings, safely brought in 272 lost bom¬ 
bers, hospital aircraft, and passenger planes during its 
two years of operation. 


Computation of the compass roses for the DF sta¬ 
tions was a laborious process. The hand calculator and 
computer had not yet been developed, and slide-rule 
calculations weren't sufficiently accurate, so logarithm 
tables had to be used. This article describes W3LO's 
system for computing great circle tracks using the 
meridian intercept method. All computation can be 
done with either a calculator or a computer; both 
methods are fully described. 

making the map 

Referring to a computer readout of bearings to each 
country can be slow and cumbersome when you're 
eager to snag a new one. It's much quicker and eas¬ 
ier to refer to a map that shows great circle bearings 
from your location to all others throughout the world. 

spherical geometry and maps 

The earth is an oblate spheroid — a slightly flattened 
sphere. Maps are, of course, intended to represent all 
or a portion of the earth's surface; but the greater the 
area of the earth included, the greater the difficulty in 
achieving a realistic portrayal of the earth. (Try cutting 
a hollow rubber ball in half and flattening it... you'll get 
a good idea of the problem. Considerable distortion and 
deformation obviously result). 

Latitude and longitude lines, the imaginary reference 
marks used to locate points on a map, correspond to 
equivalent points on the earth's surface. It is these lines 
that define a map's projection. But most maps are not 
truly projections in the geometric sense. 

Several kinds of maps are commonly found in the 
radio room. Cartographers have developed special- 
purpose maps such as the Gnomonic, Lambert Con¬ 
formal Conic, Polyconic, Albers Equal-Area, Azi¬ 
muthal, and the familiar projection developed in 1538 
by Gerhard Kramer, better known by his Latin sur- 

By A. Prose Walker, W4BW, 1087 Tung Hill 
Drive, Tallahassee, Florida 32301 and Jack W. 
Herbstreit, W0DW, 4797 Briar Ridge Trail, Boul¬ 
der, Colorado 80301 
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8 Batring tngla from Amataur station maasurad clockwise from 7rue 

North 

Lf.NJ Latltuda and longltuda of Amataur station 
LV.NV Latltuda and Jongffud* of tha Vartax 

LS.NS Satactad latltuda and longltuda llnas on which batting intarcapis 
tra computad 

LX Latltuda of Batring B tntarcapl on NS 

NX Longltuda of Batting B Intarcapt on LS 

TV Longltuda dlflaranca batwaan tha Vartax and Amataur station 

TH3 Longltuda dlltaranca batwaan NV and NS 

TH4 Longltuda dlttaranca batwaan NV and NX 

fig. 1. Geometric Portrayal of pertinent latitude, longi¬ 
tude lines and great circle track intercepts for compu¬ 
tation of Great Circle Tracks using the Meridian Inter¬ 
cept Method. 


name, Mercator. An equal-area projection, the Mer¬ 
cator projection is simple to construct. It uses straight 
lines at right angles to each other for latitude and lon¬ 
gitude. Its scale increases with latitude. 

The Gnomonic Projection is the only map on which 
great circle tracks appear as straight lines. The more 
common azimuthal maps used by Amateurs are spe¬ 
cial cases of the Gnomonic. For radio bearings (i.e., 
azimuths) over considerable distances, this map has 
no equal. Even so, there are distortions (remember the 
rubber ball?), and individual "compass roses" must be 
computed for each station's location, except at the 
point of tangency. The Gnomonic is a perspective 
projection of the earth on a tangent plane, with the 
point from which the projecting lines are drawn being 
situated at the center of the earth. 

Regardless of the map used, the path of a great cir¬ 
cle track around the world will inevitably intercept lati¬ 
tude and longitude lines as it passes from the origin 
(station location) to the antipode. The object of this 
"meridian intercept" system is to determine where the 
great circle paths intercept selected parallels and 
meridians of latitude and longitude so that they can 
be plotted on a map. 


the meridian intercept system 

The diagram shown in fig, 1 is the basis for the com¬ 
putations of intercepts using a hand calculator for solv¬ 
ing the equations. The corresponding computer pro¬ 
gram is shown in fig. 2. Studying fig. 1 and referring 
to a globe will help in visualizing the process more 
easily. 

Although they may appear to be slightly different, 
the equations for the calculator* are identical to those 
used in the computer program. Although somewhat 
tedious, they do provide accurate results. The station 
location need be specified only to the nearest degree 
of latitude and longitude; this helps simplify calcula¬ 
tion. Map distortion, plotting accuracy, and horizon¬ 
tal beamwidths of Amateur directional antennas make 
extreme accuracy unnecessary. 

intercept calculations 
using a calculator 

In fig. 1, coordinates of the Amateur station are LI, 
NIT The bearing, B, is represented by a heavy black 
line. Its great circle track reaches a maximum latitude 
at a point called the vertex, with coordinates LV, NV. 
For each great circle track there are two vertices, one 
east and one west of the Amateur station. If intercepts 
are computed for bearings from 0 to 180 degrees, reci¬ 
procals of those intercepts may be used for bearings 
180-360 degrees. It's necessary to compute the lati¬ 
tude and longitudes of the vertex so that values for 
TV, TH3, TH4, LX, and NX may be obtained. Take 
time to understand the definitions in fig. 1 — they're 
important. 

Finding LV; latitude of the vertex 
Example: let B - 60 degrees from W4BW 
LI = 30.4N (latitude of W4BW) 

N1 = 84.2W (longitude of W4BW) 
COS(LV) = SfN((Pl/2)-LI) • SIN (B) (eqn 1) 

solving: COS(LV) = 0.86251 - 0.86603 

COS(LV) = 0.74696. LV = 41.7 degrees 

Finding NV: longitude of the vertex (using definitions 
value of TV and N1) 

COT(TV) = COS((PI/2)-LI) • TAN (B) (eqn 2) 
using value from above example: 


'The original "Ellert equations" are given below. In all cases they give iden¬ 
tical results to those used herein. When using a hand calculator, these origi 
nal equations may be more convenient. With these equations (or the others) 
it is nesessary to carefully ensure that the answers obtained have the correct 
signs and fall in the correct quadrants on the map of your choice. Roughly 
plotting your intercepts will verify the correct quadrant. It is useful to have 
your map available when making the calculations. 

COS(IA ) SIN(B) • COSfl l) (eqn 1) 

COSfTV) SlNfl.l) . TAN(H) (eqn 2) 

TAN(LX) - COSfTlB) • TANfl.V) (eqn 3) 

COS(TH4) TAN(LS) • COTft. V) (eqn 4) 
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COT(TV) = 0.50603 • 1.73205 

COT (TV) = 0.87647, 

TV =48.8 degrees 


TV, by definition, is the longitude difference between 
the station and the nearest vertex: consequently 
NV = N1 TV 

or NV = 84.2 - 48.8 = 35.4H' longitude 
of the vertex (NV). 

Before proceeding, note the definition of TH3. Select 
suitable (NS) meridians that a bearing of 60 degrees 
(B) will intercept. A different value of LX will result 
for each selected meridian. In the following example, 
values of NS used are 30W and 60E. 

TAN(LX) = COS(TH3) • TAN(LV) (eqn 3) 


Example: 


NS 

= 30W 

60E 

TH3 

= 5.4 

95.4 

C0S(TH3) 

= 0.99556 

-0.09411 

TAN(LV) 

= 0.89097 

0.89097 (LV from Eqn 

TAN(LX) 

= 0.88701 

-0.08385 (reverse 
latitude) 

LX 

= 41.5N 

4.8S 


In many cases, use of eqn 4 may not be necessary. 
In other words, the latitude intercepts on longitude 
meridians will generally locate the great circle points 
with sufficient clarity to enable them to be joined with 
a smooth curve. In some circumstances, such as when 
the great circle track approaches the antipode, 
accurate location of the points may require solving eqn 
5 to obtain longitude intercepts NX, on several 
selected latitudes NS. Note again the definitions from 
fig. 1 before setting up your table for eqn 4. In the 
following example, azimuths B of 10, 20, 30, and 40 
degrees are used to compute the longitude intercepts 
NX on a latitude LS of 60 degrees. 


COS(TH4) = COT((PI/2) - 

LS) • TANK PI/2) - 

L V) (eqn 4) 

B 

10 

20 

30 

40 

LS 

60N 

60N 

60N 

60 N 

LV 

81.4N 

72.8N 

64.5N 

56.3N 

TANKPI/2) - LV) 

0.15124 

0.30955 

0.47698 

0.66692 

C0TIIPI/2I-LS) 

1.73205 

1.73205 

1.73205 

1.73205 

C0SITH4) 

0.26196 

0.53616 

0.82615 

(1.15519)* 

TH4 

74.8 

57.6 

34.1 


NV 

0.7 

4.6 

10.5 

17.2 

NX 

74.1 

62.2 

44.6 

no intercept 

max value of cosine 

is 1 or 

- 1 




Thus we have computed longitude intercepts on a 
60-degree north latitude for bearings of 10, 20, and 
30 degrees. Reference to your map will verify that 
there is no intercept for a bearing of 40 degrees on 


5 LPRINT "A. Pro** Wal k»r , W4BW and Jack W. Harbmtrai t , K0T-W" i LPRI NT iLPRINT 
10 LPRINT " VERTEX"J LPRINT TAB<66> DATE* 

20 LPRINT PROGRAM To COMPUTE CROSSINGS OF GREAT CIRCLE PATHS ON MERIDIANS" 

30 LPRINT 'OP LATITUDES AND LONGITUDES FROM A POINT ON THE EARTHS SURFACE" 

40 LPRINT "AT SELECTED BEARINGS, B,FROM THE POINT OF ORIGIN." 

10 ' 

60 FI-3.141593 

7u DEF PNR < X t)« X I*PI/180 

Bo DEF FND<X2)«X2*l80/PI 

90 INPUT "LATITUDE OF POINT OF ORIGIN IN DEGREES NORTH OF THE EQUATOR "jLl 
IOC* INPUT "LONGITUDE OF POINT OF ORIGIN IN DEGREES WEST OF GRNWCH. "|N1 
1IO LPRINT "GIVEN THE LAT I TUBE"|L1J"DEGREES AND LONGITUDE "|N11"DEGREES OF THE" 
120 Ll-FNR(Ll) 

130 Nl»FNRlNl) 

140 LPRINT "POINT OF ORIGIN (DEGREES WEST OF GREENWICH). NORTH LATITUDES ARE" 
110 LPRINT "GIVEN AS POSITIVE AND SOUTH LATITUDES ARE NEGATIVE. WEST- 
160 LPRINT "LONGITUDES ARE GWEN AS POSITIVE AND EAST LONGITUDES ARE NEGATIVt." 
I/O LPRINT "B IS SELECTED BEARING FROM POINT ON EARTHS SURFACE IN DEGREES " 

1BO LPRI NTl LPRINT 

190 LPRINT "LATITUDE OF VERTEX (HIGHEST LATITUDE THAT BEARING CROSSES) - LV" 

200 LPRINT "LONGITUDE OF VERTEX EAST OF ORIGIN - NVE '* 

210 LPRINT "LONGITUDE DF VERTEX WEST OF ORIGIN «= NVW" 

220 LPRINI "LONGJ T UDE DIFFERENCE BETWEEN ORIGIN AND NEAREST VERTEX - TV" 

230 LFKINT 

240 LS-FNR(LS) SELECTED LATITUDES ON WHICH BEARING CROSSES ARE COMPUTED 
250 NS-FNR(NS) SELECTED MERIDIANS ON WHICH BEARING CROSSES ARE COMPUTED 
.40 LX«FNR U. X) LATITUDES OF CROSSINGS ON NS 
2/0 NX"FNR(NX 1 LONGITUDES OF CROSSINGS ON LX 

20M rv-(Nl-NV) LONGITUDE DIFFERENCE BETWEEN NEARES( VERTEX AND POINT OF URIG1 
290 DIM A<19,39) 

.'•00 FOR 1 = M TO IS 
C « l • lu 
320 A(I, 1 I«L 
J JO C = F NR (C > 

340 CLV«SIN< IF 1/21-Ll»*SIN(C* 

35U LLV-ATN ILLV/SQR(1-CLV*CLV> ) LAI IT UDE OF VERIEX 

"60 LV-fPI/2)■CLV 
•>/o A (1,2 > =L V 

380 IF (AN(Ci«0 I HEN IV-P1/2»G0T0 410 
'.90 VTV-1/ ( (COS ( <Pl/2)-Ll> > * T AN ( C) > 

400 TV=ATN(TlV) 

4IU A((,41» I V 

420 NVE=N1-IV LONGITUDE OF VERTEX EAST OF ORIGIN 
4 Jo AU. Tl-NvE 

440 NVW«N1*W LONGITUDE OF VERTEX WES! OF ORIGIN 

450 A(I,4)= NvW 

460 A<I,5)= TV 

4/0 FOR J * -6 TO 5 

4 BO NS * J * 3u 

490 NS - F NR(NS) SELECTED LONGITUDES 

500 IM3E=NVE-NS LUNGITUDE DIFFERENCE BETWEEN NVE (EASTERN VERIEX) AND NS 
510 THJW=NVW-NS LONGITUDE DIFFERENCE EE TWEEN NVW (WESTERN VERTEX) AND NS 
520 LXE =COS(TH3E)»lAN(LV) 

530 LXW=CUS(TH3W)*IAN(LV( 

540 LXE-AINCLXE) LATITUDE UF CROSSING EAST UF VERTEX ON SELECTED LUNG11UUE, N5 
55o LXW-AINILXW) LA rI IUDE OF CROSSING WES I OF VERTEX ON SELECTED LONGITUDE, NS 
560 A(I,J*12)=LXE 
5/0 NEXT J 


LS = FNR(LS) 


* IA1 


PI/. 


LVl . 


l> IF At*S ( I H4 » ) iHtN GO I Cl 6/0 

6411 NXtW='.i 
650 NXWE—U 
660 GUtD 79 m 

670 IM4“ (-A TN((H4/SOR(1-TH4«TH4)))+K1/2 

68o TH4«L0NGUUDE DIFFERENCE BETWEEN NV AND NX 

690 NX£fc=NVfc-TH4 LONGITUDE OF CROSSING EAST OF EASTERN VERIEX 

iW NXew=NVE-MH4 LONGITUDE OF CROSSING WES( OF EABTERN VERTEX 

n>< NXWE=*NVW-IH4 LONGITUDE OF CROSSING EASI OF WESTERN VERTEX 

/20 NXWW-NVW*TH4 LUNGl IUDE UF CRUSStNG WES 1 OF WESTERN VERIEX 
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IF NXEW FI THEN NXEW “ 
If NXEW- -PI THEN NXEW ’ 
A il ,J*23)=NXtW 
IF NXWE PI I HEN NXWE - 
IF NXWE--PI THEN NXWE ■ 
A( I , J* :-4> -NXWE 
NEXT J 


LFRINI fAB(B) 
LPRINT IAB(21 
FUR 1=0 IU 1 
LF-RIN1 USING 
LPRINt USING 
LPRINT USING 
LPRIN I USING 
LFK1NI USING 
NEXT I 

LPR1NI C.HR*(1 
LPRINT A. Pi- 


MXEW 

NXEW 


2*P1: UUfU 7 b' 


• •• ;A 11,III 

• #M,«'-|FND(H( 1,2) 
•«*«.•"jFNU(A(I,J) 
••#*.*"}FNU(Al1,4) 
*#•».a";FND(A(I,5) 




WX/DW" i LF’FilN 


910 LFRINT-( ATITUDE 
920 LPRINT"B/LU";" 

930 lFRINI ' Jow 
94«J FOR I » U TO IB 
950 LPRINT USING "*1 
960 FOR J - I T0I1 
970 LFRINT USING •»•#.* 

980 NEXT J 
990 LPRINT USING "*•**.*"j FND(A (1,1/ 
1000 NEXT l 


UF CKUSblNG FUR DESIGNATED LUNGl IUDE BE I WEEN 

SO";" El 50";" El20"s" E9i) “t" £60"!" E 

6(.»W" j " 90W" ; " I 20W" | " HOW" 

1 "IA(1,I)j 

INDIA(I,J*S>>| 


lOSC' LPR INT "B/LA” J " S/5" | " S6L)"|" S43"|" 830" | " SlS'J" o'!" I3N"| 

1040 LPRINT • JON"j" 45N"| ' 60N"{" /3N" 

1050 FOR I “ O TO 18 

1060 LPRINT USING ; A ( I , 1 ) | 

1070 FOR J - I TO 10 

luSO LPRINT USING "•*■■.•")FND(A(I,J*l7))| 

P.>9o NEXT J 

HOG LF RINI USING "•••*.*" | F ND ( A (I , 2B > > 

Ulu NEXT I 
I 115 LPRINT CMR*(|2» 

1116 LPRINT "A. Fromm Walkar, w4Bw and Jack W. Haruatrait, W*DW iLPRINT iLPRINl 
1120 LPRINT iLPRINT TAB(50) "TABLE W'lLPRINT 

1130 LPRINT "LONGITUDE AT CROSSING FOR DESIGNATED LATITUDES BETWEEN -75 AND 73" 
1140 LPR IN 1 "B/LA" | ” S/5" | " S60" | " S45"|" 930" I " SIS'j" 0“J" 13N"| 

llSvLPRINf " 3uN" | 45N" | 6(>N"»" /3N" 

1160 FOR I - O TO IB 

1170 LPRINT USING "•••“(A(I,l)| 

1100 FOR J • I TO 10 

1190 LPRINT USING "•••*.*"iF ND (A(I,J*2B)1| 

1200 NEXT J 

1210 LPRINT USING "|FND(A<1,39 I) 

122o NEXT I 

1225 LPRINT ChR*(12) 

1230 END 

fig. 2. Program listing to determine great circle paths from your 
location. (Send SASE for large-print copy of program.) 
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the 60th parallel because the great 
circle track passes south of that 
latitude. 


The principles and notations for 
determining intercepts with a calcu¬ 
lator are the same as will be later 


explained for the computer program 
(see fig. 2). LS and NS values are 
selected as computations progress, 
taking into account the easily identified 
parallels and meridians as shown on a 
Mercator map ("Standard Time Zone 
Chart of the World," HO 5192, pub¬ 
lished by the United States Naval 
Oceanographic Office). Because of the 
time zones, some of them were not 
even values. In the computer program, 
bearings (B) every 10 degrees are 
used; selected longitude lines (NS) are 
every 30 degrees, and selected lati¬ 
tudes (LS,) every 15 degrees from 75S 
to 75N. The photo of the W4BW map, 
fig. 3, shows the great circle paths 
throughout the world from Tallahas¬ 
see, Florida. 

program vertex 

The computer program uses simple 
right-angle spherical trigonometric 
relationships and computes the cross¬ 
ings of great circle tracks from any ori¬ 
gin (for example, your location at lati¬ 
tude LI and longitude N1) on parallels 
of latitude and meridians of longitude 
on your map. As with the calculator, 
select suitable latitude and longitude 
lines around the world wherever you 
want the bearing to be plotted (on any 
type of map of the world, such as a 


table 1. Latitudes and longitudes of the vertices for W4BW. 


B 

LV 

NVE 

NVW 

TV 

0 

90.0 

- 5.8 

174.2 

90.0 

10 

81.4 

-0.7 

169.1 

84.9 

20 

72.8 

4.6 

163.8 

79.6 

30 

64.5 

10.5 

157.9 

73.7 

40 

56.3 

17.2 

151.2 

67.0 

50 

48.6 

25.3 

143.1 

58.9 

60 

41.7 

35.4 

133.0 

48.8 

70 

35.9 

48.5 

119.9 

35.7 

80 

31.9 

65.0 

103.4 

19.2 

90 

30.4 

84.2 

84.2 

-0.0 

100 

31.9 

103.4 

65.0 

- 19,2 

110 

35.9 

119.9 

48.5 

- 35.7 

120 

41.7 

133.0 

35.4 

-48.8 

130 

48.6 

143.1 

25.3 

58.9 

140 

56.3 

151.2 

17.2 

67.0 

150 

64.5 

157.9 

10.5 

- 73.7 

160 

72.8 

163.8 

4.6 

-79.6 

170 

81.4 

169.1 

-0.7 

-84.9 

180 

90.0 

-5.8 

174.2 

90.0 


Program to compute crossings of great circle paths on meridians of latitudes and longitudes 
from a point on the earth's surface at selected bearings, B, from the point of origin. Given 
the latitude 30.4 degrees and longitude 84.2 degrees of the point of origin (degrees west of 
Greenwich). North latitudes are given as positive and south latitudes are negative. West Ion 
gitudes are given as positive and east longitudes are negative. B is selected bearing from point 
on earths surface in degrees. 

Latitude of vertex (highest latitude that bearing crosses) = LV 
Longitude of vertex east of origin = NVE 
Longitude of vertex west of origin = NVW 
Longitude difference between origin and nearest vertex = TV 


table 2. Latitudes of crossings for designated longitudes between 80 and 150 w. 


B/LO 

180 

E150 

E120 

E90 

E60 

E30 

0 

30W 

60W 

90W 

120W 

160W 

0 

90.0 

90.0 

90.0 

-90.0 

-90.0 

-90.0- 

-90.0 

-90.0 

-90.0 

90.0 

90.0 

90.0 

10 

-81.4 

-80.0 

- 72.8 

4.6 

73.5 

80.1 

81.4 

80.0 

72.8 

-4.6 

-73.5 

-80.1 

20 

-72.8 

-71.1 

-61.5 

- 14.7 

54.2 

69.4 

72.8 

71.1 

61.5 

14.7 

-54.2 

-69.4 

30 

- 64.1 

63.1 

- 53.6 

20.8 

34.9 

57.9 

64.1 

63.1 

53.6 

20.8 

-34.9 

-57.9 

40 

-55.1 

- 55.7 

-47.8 

23.9 

18.4 

45.6 

55.1 

55.7 

47.8 

23.9 

- 18.4 

-45.6 

50 

-45.8 

-48.5 

- 43.0 

-25.9 

5.3 

32.9 

45.8 

48.5 

43.0 

25.9 

-5.3 

-32.9 

60 

-36.0 

-41.5 

-39.0 

-27.3 

-4.8 

20.3 

36.0 

41.5 

39.0 

27.3 

4.8 

- 20.3 

70 

-25.6 

-34.4 

-35.3 

-28.4 

- 12.9 

8.2 

25.6 

34.4 

35.3 

28.4 

12.9 

-8.2 

80 

- 14.7 

-27.0 

-31.8 

-29.4 

- 19.6 

-3.1 

14.7 

27.0 

31.8 

29.4 

19.6 

3.1 

90 

3.4 

- 18.9 

-28.2 

-30.3 

-25.4 

-13.5 

3.4 

18.9 

28.2 

30.3 

25.4 

13.5 

100 

8.2 

-10.1 

-24.3 

-31.1 

-30.8 

-23.1 

-8.2 

10.1 

24.3 

31.1 

30.8 

23.1 

110 

19.8 

0.1 

- 19.9 

-32.1 

-35.9 

-32.0- 

-19.8 

0.1 

19.9 

32.1 

35.9 

32.0 

120 

31.2 

11.3 

14.6 

33.1 

40.9 

-40.4- 

- 31.2 

-11.3 

14.6 

33.1 

40.9 

40.4 

130 

42.3 

24.0 

-7.8 

-34.3 

-46.3 

-48.4- 

-42.3 

- 24.0 

7.8 

34.3 

46.3 

48.4 

140 

52.8 

37.9 

1.8 

-35.9 

-52.1 

-56.3- 

-52.8 

-37.9 

-1.8 

35.9 

52.1 

56.3 

150 

62.7 

52.1 

16.1 

-38.2 

-58.8 

- 64.2 - 

-62.7 

-52.1 

- 16.1 

38.2 

58.8 

64.2 

160 

72.2 

65.9 

37.6 

-42.2 

- 66.9 

-72.4 

-72.2 

-65.9 

-37.6 

42.2 

66.9 

72.4 

170 

81 2 

78.7 

65.2 

-51.3 

- 77.0 

-80.9 

-81.2 

-78.7 

-65.2 

51.3 

77.0 

80.9 

180 

90.0 

90.0 

90.0 

-90.0 

-90.0 

-90.0 

90.0 

-90.0 

-90.0 

90.0 

90.0 

90.0 
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You NEED curlycode" because It is: 

•An Exciting NEW learning experience: 

• Each code RHYTHM grows an "unforgettable" 

letter SHAPE In your mind's eye. 

• Each sound ADDS to the growing letter shape, 

• So all RHYTHMS that start the sane way 

grow SHAPES that start the sane way. 

• You NEVER change your Bind about the shape 

as It grows In your kind's eye- 

• When the RHYTHM stops, the SHAPE stops, and 

It IS the letter, ao just WRITE It! 

• Perfect for BEGINNERS*. NO senseless study - 

CURLY CODE shapes are SIMPLE and MAKE SENSE. 
Know only E1CHT shapes and you know HALF of 
EVERYTHING and MOST of the LETTERS. 

Know only TWO new endings for each shape and 
you will know everything! 

IT'S LIKE "INSTANT CODE"! 

• Perfect for EXPERTS: NO struggling to break 

your “learning plateau" - 

once you know the CURLYCODE shapes they 
grow in your mind’s eye at "any" speed. 
So take some time to REALLY KNOW the eight 
basic CURLYCODE shapes at slow speed to be 
well on your way to breaking your plateau. 

IT'S LIKE "SUPERSONIC CODE”! 

• Fine f or CLUBS! A 11 rac 1 1 ve colored wall chart. 

SAVE with a 20X discount on ten or more sets! 


PRICE: Complete set (Manual, Wall chare, 
Pocket card. Beginner’s chart): $11.50 

Money back guarantee. Phone (703) ♦<6-8088 


HlNDs 

•J 9 


Minds eye Publications, 
Suite 115-199 
1350 Beverly Rd. 

McLean, VA 22101 


Dept. H !<• 

e- 111 


AUTHORIZED KENWOOD 
l-CONI RADIO DEALER 



H. L. HEASTER, INC., 203 Buckharwon Pike, Clarksburg, W. 
Va. 26301 Clarksburg Phone (304) 624-5435 or W Va. Toll- 
Free 1-800-352 3177 

HAROLD HEASTER, KA80HX. 91 Ridgefield Place, Ormond 
Beach, FI 32074 Florida Phone (904) 673-4066 

NEW NATION-WIDE TOLL-FREE TELEPHONE 1-800-84-RADIO 
1 - 800 - 84-72346 

Call us for a quotation, WE WILL SAVE YOU MONEY! 


Invitation to 
Authors 

ham radio welcomes manu¬ 
scripts from readers. If you 
have an idea for an article 
you’d like to have consid¬ 
ered for publication, send for 
a free copy of the ham radio 
Author’s Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). 



table 3. Longitudes of great circle track crossings at specific latitudes, using longi¬ 
tude of the eastern vertex. 


B/LA 

S75 

S60 

S45 

S30 

S15 

0 

15N 

30N 

45N 

60N 

75N 

0 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

10 

123.7 

104.5 

98.0 

94.3 

91.6 

89.3 

87.0 

84.3 

80.6 

74.1 

54.9 

20 

0.0 

127.0 

112.6 

104.9 

99.4 

94.6 

89.9 

84.4 

76.7 

62.3 

0.0 

30 

0.0 

156.4 

129.0 

116.5 

107.8 

100.5 

93.1 

84.5 

71.9 

44.6 

0.0 

40 

0.0 

0.0 

149.0 

129.8 

117.5 

107.2 

96.9 

84.6 

65.4 

0.0 

0.0 

50 

0.0 

0.0 

177.0 

145.8 

128.9 

115.3 

101.7 

84.7 

53.6 

0.0 

0.0 

60 

0.0 

0.0 

0.0 

165.9 

143.0 

125.4 

107.9 

85.0 

0.0 

0.0 

0.0 

70 

0.0 

0.0 

0.0 

- 168.5 

160.2 

138.5 

116.7 

85.5 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

-136.7 

- 179.5 

155.0 

129.4 

86.7 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

- 106,0 

158.6 

174.2 

147.0 

94.4 

0.0 

0.0 

0.0 

100 

0.0 

0.0 

0.0 

-98.3 

- 141.0 - 

-166.6 

167.9 

125.1 

0.0 

0.0 

0.0 

110 

0.0 

0.0 

0.0 

97.1 

-128.3 - 

-150.1- 

171.8 

156.9 

0.0 

0.0 

0.0 

120 

0.0 

0.0 

0.0 

-96.6 

-119.5 - 

-137.0 

154.6 

-177.5 

0.0 

0.0 

0.0 

130 

0.0 

0.0 

-65.2 

-96.3 

- 113.3 - 

126.9- 

140.5 

-157.4 

171.4 

0.0 

0.0 

140 

0.0 

0.0 

-77.0 

-96.2 

108.5 - 

118.8- 

129.1 

-141.4 

-160.6 

0.0 

0.0 

150 

0.0 

-56.2 

-83.5 

-96.1 

- 104.7 - 

-112.1 - 

119.4 

128.1 

- 140.6 

- 168.0 

0.0 

160 

0.0 

-73.9 

88.3 

-96.0 

-101.5 - 

106.2- 

111.0 

-116.5 - 

- 124.2 

-138.6 

0.0 

170 

-66.5 

-85.7 

-92.2 

-95.9 

-98.6 - 

-100.9- 

103.2 

- 105.9 

-109.6 

-116.1 

-135.0 

180 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 


table 4. Longitudes of great circle track crossings at specific latitudes, using longi¬ 
tudes of the western vertex. 


B/LA 

S75 

S60 

S45 

S30 

S15 

0 

15N 

30N 

45N 

60N 

75N 

0 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84,2 

10 

44.7 

63.9 

70.4 

74.1 

76.8 

79.1 

81.4 

84.1 

87.8 

94.3 

113.5 

20 

0.0 

41.4 

55.8 

63.5 

69.0 

73.8 

78.5 

84.0 

91.7 

106.1 

0.0 

30 

0.0 

12.0 

39.4 

51.9 

60.6 

67.9 

75.3 

83.9 

96.5 

123.8 

0.0 

40 

0.0 

0.0 

19.4 

38.6 

50.9 

61.2 

71.5 

83.8 

103.0 

0.0 

0.0 

50 

0.0 

0.0 

-8.6 

22.6 

39.5 

53.1 

66.7 

83.7 

114.8 

0.0 

0.0 

60 

0.0 

0.0 

0.0 

2.5 

25.4 

43.0 

60.5 

83.4 

0.0 

0.0 

0.0 

70 

0.0 

0.0 

0.0 

-23.1 

8.2 

29.9 

51.7 

82.9 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

-54.9 

-12.1 

13.4 

39.0 

81.7 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

-85.6 

-33.0 

-5.8 

21.4 

74.0 

0.0 

0.0 

0.0 

100 

0.0 

0.0 

0.0 

-93.3 

-50.6 

-25.0 

0.5 

43.3 

0.0 

0.0 

0.0 

110 

0.0 

0.0 

0.0 

-94.5 

-63.3 

-41.5 

- 19.8 

11.5 

0.0 

0.0 

0.0 

120 

0.0 

0.0 

0.0 

-95.0 

-72.1 

-54.6 

-37.0 

14.1 

0.0 

0.0 

0.0 

130 

0.0 

0.0 

- 126.4 

-95.3 

-78.3 

-64.7 

51.1 

-34.2 

-3.0 

0.0 

0.0 

140 

0.0 

0.0 

-114.6 

-95.4 

-83.1 

-72.8 

-62.5 

-50.2 

-31.0 

0.0 

0.0 

150 

0.0 

- 135.4 

- 108.1 

-95.5 

-86.9 

-79.5 

-72.2 

-63.5 

-51.0 

-23.6 

0.0 

160 

0.0 

- 117.7 

- 103.3 

-95.6 

-90.1 

-85.4 

80.6 

-75.1 

-67.4 

-53.0 

0.0 

170 

- 125.1 

- 105.9 

99.4 

95.7 

-93.0 

-90.7 

88.4 

-85.7 

-82.0 

-75.5 

-56.3 

180 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 

84.2 


Mercator) and compute where the 
bearing tracks cross these selected lati¬ 
tude and longitude lines. In this pro¬ 
gram, northern latitudes and western 
longitudes are taken as positive. 
Southern latitudes and eastern longi¬ 
tudes are negative. 

The program begins by asking you 
to provide the geographical co¬ 
ordinates of the origin (i.e., your loca¬ 


tion) in program lines 90 and 100. 
Then for a selected number of bear¬ 
ings, B, from this origin, it computes 
the maximum latitude, LV, which each 
bearing track reaches (the vertex) as 
well as the longitudes, NV, of these 
vertices. Great circle tracks for bear¬ 
ings, B, every 10 degrees from zero to 
180 (line 310) were selected for com¬ 
putation. This gives complete 
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fig. 3. W4BW map. HO 5123. showing great circles from Tal¬ 
lahassee. Florida. This map was produced using the merid¬ 
ian intercept method of calculation. 

360-degree coverage when you consider the great 
circle paths going in the reciprocal direction through 
the origin. 

On the diagram, the great circle having a bearing, 
B, reaches the maximum latitude LV when angle C = 
90 degrees. First we compute the co-latitude of the 
vertex CLV = (PI/2-LV) using the right spherical 
trigonometric identity (C = B in the program): 

SIN(CLV) = SlN((PI/2)-LI) • SIN(B) (line 340) 
and then: LV = (Pl/2) - AKCSINfCL Inline 360) 
where PI = 3.141593 (line 60) 

The longitude of the vertex NV is then computed 
by first obtaining TV as defined on the diagram (the 
difference between the longitude of the origin, N1, and 
the longitude of the vertex NV) from the equation: 

TAN(TTV) = l/((COS((P!/2)-Ll)) • TAN(B) 

(line 390) 

from which: TV = ARCTAN(TTV) (line 400) 

The longitude of the Vertex NV is obtained from the 
definition of TV. Notice that there is a vertex both east 
(NVE) and west (NVW) of the origin: 

NVE = N1 - TV (line 420) 

NVW = N1 + TV (line 440) 

The results of the computations for each selected 
bearing are stored in Array A(19,39) (line 290) for sub¬ 
sequent print-out after all computations are made. 

Next select the longitudes NS on which to deter¬ 
mine the latitudes LX of the crossings of the 
(azimuthal) bearing tracks. In the program, NS was 
selected for every 30 degrees of longitude between 
- 180 and 150 degrees (line 480). Then compute LX 
for each bearing track at each of the selected longi¬ 
tudes NS as follows: 

By definition TH3 - NV - NS (line 500) 


then TAN(LX) = COS(TH3) • 

TAN(LV) ' (line 520) 
and LX = ARCTAN(LX) 

(line 540) 

The longitudes of the bearing tracks NX at selected 
latitudes LS are found by using the following: 

COS(TH4) = TAN((Pl/2) - L V)/TAN((PI/2-LS) 

(line 620) 

TH4 = ARCCOS(TH4) (line 670) 

by definition NX = NV+TH4 (line 700) 

The selected latitudes LS in the program are every 15 
degrees from - 75 to 75 degrees (line 600). A second 
table of bearing track crossings, NX, are also com¬ 
puted using the other vertex. 

Program lines 810 through 1220 are the part of the 
program that prints out the answers. As an example, 
the results are given of computations made for the ori¬ 
gin at the QTH of W4BW (latitude = 30.4N, longi¬ 
tude = 84.2W). Table 1 is a list of latitudes and lon¬ 
gitudes of the vertices for the W4BW location as well 
as TV (the degrees of longitude between the origin 
and the vertex) for the bearing angles selected. Table 
2 gives the latitudes of the great circle track crossings 
at the specified longitudes. Tables 3 and 4 give the 
longitudes of the great circle track crossings on the 
specified latitudes. Table 3 uses the longitude of the 
vertex east of the eastern vertex and table 4 uses the 
longitudes of the western vertex. When these tables 
have been computed for your location as origin, the 
crossing points for each bearing given in the tables 
can be plotted on your map. When they are con¬ 
nected, the lines show the desired great circle paths 
emanating from your location. 

conclusion 

For those of you who use a calculator, remember 
that each bearing has two vertices, one east and one 
west of the origin. For azimuths from 0 to 90 degrees, 
the nearest vertex will lie east of the station, and for 
azimuths 90-180 degrees, the nearest vertex will lie 
west of the station. This applies to stations in the 
northern hemisphere. For stations in the southern 
hemisphere, the conditions will be reversed. When 
computing the nearest vertex for bearings of 90 and 
270 degrees, note that it coincides with the station 
location. 

Any map can be used as long as you can identify 
latitude and longitude lines in order to plot the inter¬ 
cepts. First connect the intercept points free-hand, 
using a soft pencil. Make the final lines with a water- 
base marking pen in any color you wish. Black is prob¬ 
ably best. 

Label the azimuths either by hand or with dry trans¬ 
fer lettering. For neatness, position the values verti- 
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DX FORECASTER 

Garth StonehocKer, K0RYW 


summer propagation 

Summertime QRN is this month's 
topic. The predominating noise source 
over omnipresent local noise is at¬ 
mospherics, the cumulative propagat¬ 
ed noise from some distance away. It 
isn't associated with weather storm 
fronts passing your QHT, but rather 
with air mass thunderstorms. These 
large high-pressure air masses cover 
several states and can linger for several 
days — even a week or more. 

Some regions of the country have 
a greater number and variety of thun 
derstorms than others; in these areas, 
thunderstorm activity is measured by 
the number of "thunderstorm-days," 
or days in which at least one thunder¬ 
storm occurs. Areas with 100 
thunderstorm-days or more are found 
in Florida and in the Rocky Mountains; 
the southern parts of Louisiana, Alaba¬ 
ma, and Georgia endure 80 days. A 
band stretching across Nebraska to 
Ohio and then bending southward into 
South Carolina, and another reaching 
across New Mexico to Northern 
Texas, have 60 days, with the rest of 
the Mid-west experiencing 50 thunder- 
storm-days. Notice that most of the 
high numbers of thunderstorm-days 
occur in the southeast. 

Because frontal weather activity is 
limited in these areas, the high num¬ 
bers can be attributed mostly to air- 
mass thunderstorms. Moist air from 
the Gulf of Mexico moving northeast 
along the land serves as a prime thun¬ 
derstorm generator. 

Thunderstorm activity depends on 


how much moisture the air contains. 
If the air is dry, perhaps no thunder¬ 
storms will form at all. If the relative 
humidity is 50 percent or more, they 
may develop by noontime. 

The process works as follows. First 
the sun heats the ground. As the heat 
from the ground rises, it warms the air 
above it and causes it to rise. As this 
heated air meets the colder air above, 
its moisture condenses, forming 
clouds. The clouds — some of which 
may be seized by the winds and carried 
into the jet stream to form the charac¬ 
teristic anvil-shaped top of a thunder¬ 
storm at 30 to 40,000 feet — continue 
to rise until their condensed moisture 
forms heavy drops heavy enough to 
fall as rain; some drops are taken fur¬ 
ther upward and freeze into hail. This 
fast up-and-down motion generates 
static electricity strong enough to 
cause the air to break down between 
a cloud and the earth or between one 
cloud and another. As the lightning 
stroke releases this energy, both sound 
and electromagnetic pulses are pro 
duced. Our receivers pick up the HF 
radio frequency pulse and we call it 
"noise." 

After several days the air dries out 
or slowly moves on. However, during 
these days QRN may limit the useful¬ 
ness of the low-frequency HF bands, 
enabling only local ragchewing and rul¬ 
ing out weak-signal DX reception. 

How can you communicate with DX 
stations on these bands? Directional 
antennas may help if the thunderstorm 
activity is in the opposite direction 
from the DX stations. If you're using 
phased verticals you may be able to 
form a null in the right direction, or ro¬ 
tate one of the big beams to a noise 
null and then hear the DX. Receivers 
with effective noise blankers also spare 
your ears when the static crashes oc¬ 
cur. When the going is really rough, 
most operators switch operating 
hours, giving up evening hours in favor 
of the pre-dawn hours. By this time the 
thunderstorms have lost their heat and 
dissipated to the east, locally, and are 
weakening on DX paths to the west as 
the sun moves across Asia and the 


Middle East. In addition, the sun in the 
morning hasn't yet warmed the air 
enough for the day's thunderstorms to 
occur. This is a cool, comfortable time 
of the day to be up and around. 

last-minute forecast 

The higher-frequency HF bands, 10 
through 30 meters, are expected to be 
best for long-skip the first week and 
the last few days of August. Expect 
sporadic-E short-skip to be the best of 
the summer season on 6 meters and 
lower in frequency a good many hours 
of many days of the month. The low¬ 
er bands aren't expected to be very 
good in the evenings because of the 
air-mass thunderstorm build-up. These 
bands can provide some good DX con¬ 
tacts across the continent or into 
Europe for a short period in very early 
morning on those days during the third 
week, when the solar flux is at its 
lowest. Geomagnetic disturbances will 
occur less frequently, with the greatest 
possibility during the third week. 

For the VHF/UHF enthusiast the 
moon's perigee will occur on the 16th, 
with full moon on the 27th. The Per- 
seids meteor shower will occur from 
the 10th to 14th, with a maximum rate 
of better than 50 meteors per hour ex¬ 
pected on the 11th and 12th. This is 
an excellent shower to work with. 

band-by-band summary 

Six-meter sporadic E short-skip con¬ 
ditions will occur for a half hour to 
several hours around local noon on 
some days for this last good month of 
this summer's E s season. Expect 
about 1000 miles per hop. 

Ten, twelve, and fifteen meters will 
have a quite few short-skip E s open¬ 
ings and some long-skip openings to 
southern areas of the world during 
daylight hours. Fifteen meters will be 
best for only an hour or two as the 
maximum usable frequency decreases 
during the late afternoon. 

Twenty, thirty, and forty meters will 
be useful for distance communications 
to most eastern, western, and north¬ 
ern areas of the world during daytime 
and into the evening almost every day. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours. 
•Look at next higher band for possible openings. 






























































































































































































































































































































SWL's: Are You Plagued By 

Phantom Signals? 
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Range MHr lunc 

-MINITUNERtun3 


Meet the Eliminator. 

Don't let its small dimensions (4''x3''x2”) fool you;—the Grove 
Minituner III is a big weapon against images, intermod and 
phantom signals on your shortwave receiver! 

This short wave/long wave pre-selector is designed to boost 
performance in the 100 kHz-30 MHz frequency range. If you 
own one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED this extra 
measure of selectivity. 

No power required. Simply connect between your receiver 
and antenna. Equipped for standard PL- 259 connections. Only 
$39 (free UPS shippi ng; s 5 U.S. Mail/Parcel Post). Order TUN-3. 


Grove Enterprises 

140 Dog Branch Road 
Brasstown, N.C. 28902 


MC, Visa or COD call: 

1-800-438-8155 


Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 
boosting accessories and literature. 

Cull (704) 837-9200 or write to above address (or free catalog! 
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COMMODORE C-64 and C-128 PROGRAMS FOR 
AMATEUR RADIO AND ELECTRONICS 

by Joe CarrK4IPV 

This brand new book is loaded with practical, task oriented 
programs lor those who want to understand the analytical 
potential ol the personal computer forty-two programs cover 
lust about every aspect ol Amateur Radio interest. You also 
gel usclul egualions lor capacilance. impedance, inductance, 
length and reactance circuit and antenna diagrams and sam¬ 
ple runs lor many ot the programs Amateurs, hobbyists, en¬ 
gineers, technicians and programmers will lind Ihis book an 
invaluable aid 1986 1st Edition 
22516 SotthmmdS14.95 

Please enclose S3.50 shipping and handling. 



either long-skip to 2000 miles per hop 
or short-skip E s with 1000-mile hops. 
The period of daylight is still relatively 
long, but will be noticeably shorter by 
the end of the month. 

Thirty, forty, eighty , and one-sixty 
meters are all good for nighttime DX 
even though the background noise is 
severe in the evenings. The direction 
of the openings will rotate around from 
the east, to the south, and then west¬ 
ward toward the morning. Sporadic E 
layer propagation may be of help in the 
early evening toward the east and 
south to override thunderstorm noise. 
Try those early morning hours for 
communication paths to the west and 
monitor WWV or WWVH on 2.5 and 
5 MHz. 

ham radio 



Please reserve my copy of the 1986 Dick Smith 
Catalog. I enclose Si to cover shipping 


I WCK SMITH ELECTRONICS INC V 

P O Box 2249 Rodwood Ofy CA 94063 \ 

EVERYTHING FOR THE ELECTRONICS ENIHUStASTi 















general purpose 

line transformers 



HF, VHF or UHF 
performance without 
ferrite cores 

Line transformers are usually associated with anten¬ 
na matching or VHF/UHF stripline applications. This 
article, however, describes general-purpose transform¬ 
ers made from wire. They're simple to make and can 
serve in many applications normally reserved for fer¬ 
rite core transformers. All the examples considered use 
tightly twisted trifilar enamel or Formvar-coated No. 
22 wire, with approximately 1 /8 inch between twists. 
Because each wire is comparable to one winding on 
a conventional trifilar transformer, these transformers 
can be operated in all the normal trifilar configurations. 
Relatively broadband, their center frequency response 
is determined by the wire length — several inches for 
UHF operation and several feet for the lower HF fre¬ 
quencies. Although the trifilar twisted wire could be 
wound on a small diameter form, little difference in 
performance would be noticed between it and an un¬ 
coiled version. 

Measurements have been made on a 17-inch long 
trifilar wire transformer coiled on a 5/16-inch diameter, 
3/4-inch long form. Test results and configurations are 
shown in figs. 1, 2 and 3. Resonance is influenced 
by both the configuration and loading. The balanced 
configuration with the inductors in parallel (fig. 1) has 
the highest frequency response, while the 3:1 balun 
with the windings in series (fig. 2) has the lowest fre¬ 
quency response. Inherently a low-impedance device, 
its lower termination resistance minimizes reflections 
and results in a wider bandpass. This is illustrated in 

By John C. Reed, W6IOJ, 770 La Buena Tierra, 
Santa Barbara, California 93111 
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the 2:1 balun (fig. 3), where the 200-ohm termination 
shows a dominant resonant condition as compared to 
that of the 50-ohm termination. This 17-inch trans¬ 
former is used in a test equipment balanced modula¬ 
tor application using the circuit shown in fig. 4. It 
provides 100 milliwatts at 21 MHz, with the balanced 
transformer isolating the modulated output from the 
input excitation by over 40dB. 

My primary application for the transformers has 



been in double-balanced mixers; an example is shown 
in fig. 5. The UHF transformer, with only a 3-inch trifi- 
lar wire, isn't coiled, but instead mounted in a con¬ 
venient loop arrangement forming an interface with 
the circuit. The mixer loss is -6 to -8 dB, and the 
poorest port-to-port isolation, between the local os¬ 
cillator and output, is over 20 dB. 



2IMHi INPUT 



fig. 4. Balanced modulator circuit using trifilar wound line transformer. 
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CRI-CR4 


1 — Input 

2 — Output 

3 — L.O. 

CR1 — CR 4 
Tf 

T2 


UHF 

436 MHz 
21 MHz 
415 MHz 
5082-2835 
3" tnfilar 
3" trifilar 



3-LO S-OUTPUT 
5OOHMS 50 OHMS 

T1.T2 3-inch trifi/ai No 22 wire with 1/8 inch betwunn twists. CPI 4 



fig. 5. Double balanced mixer. 



I have also used the trifilar wire transformer in a 
2-meter single balanced mixer (fig. 6). 

This experimental effort was initiated after question¬ 
able results were obtained from homebrew UHF trifi¬ 
lar ferrite core transformers. The wire transformers 
solved my problems with consistent and satisfactory 
results. 

The technique is simple enough to try out in a few 
minutes. Using easily obtainable wire (I used Radio 


Shack No. 276-1345), stretch the three wires between 
a solid tie point and a variable-speed drill, turning the 
drill for the desired 1/8-inch twist spacing. I quickly 
check the resonant frequency of a particular wire- 
length/configuration by simply coupling the input to 
a grid-dip meter, detecting the transformer output with 
a 1N34A diode peak detector. 


STUDY GUIDES 

AMECO STUDY GUIDES 

Designed for VEC Exams 

AMECO study Guides are taken from the FCC Ama¬ 
teur Exam syllabus, PR-1035 and have answers 
keyed to ARRL's recently released study material 
These study guides are compatible with ARRL and 
all other VtC Exams. While nothing can guarantee 
that you will pass, AMECO Study Guides will make 
sure that you are fully prepared and ready to go 
when you sit down for the exam Written in clear, 
concise, easy-to-read format, each question fully 
explained. Novice and General books cross refer¬ 
enced to AMECO's 102-01 for a more thorough 
explanation. 

i 127-01 Novice Class Softbound $3.50 

i 112-01 General Class Softbound $4.95 

i 126-01 Advanced Class Softbound $4.95 

I 117-01 Extra Class Softbound $4.95 

i iAM-1 Get All Four $14.95 

ARRL Q&A LICENSE MANUALS 

ARRL Q&A License Manuals are keyed to the latest 
FCC Exam syllabi now in use by the Volunteer 
Examiners. These books are written in an easy-to- 
read conversational style that enhances understand¬ 
ing without scaring the student away. All technical 
subject areas are explained in dear terminology and 
with plenty of illustrations, diagrams and schematics. 
Rules are also fully covered. Each book has the offi¬ 
cial ARRL multiple choice question Pool with 
answers and a key to the FCC Exam syllabus for 


reference to other study publications These are the 
study guides lo have All books u 1985 1st Edi¬ 
tions. 

i IAR-TG General Softbound $5.00 

l IAR-AG Advanced Softbound $5.00 

I )AR EG Extra Softbound $5.00 

AR-SG Get All Three S1Z.95 

NEW TITLES 

FIRST STEPS IN RADIO 

by Doug DeMaw, W1FB 

This new anthology has been taken from DeMaw's 
’84 and 85 series in QST magazine. It has been writ¬ 
ten to give beginners the basic electronic theory 
needed for upgrading and the ins and outs of how 
radios work. Using a building block approach. 

DeMaw first explains what the different componants 
are, then assembles them into basic circuits and 
ends up with how these circuits work in your radio. 
You also get articles on antennas, propagation and 
beginners level RFI problems and suggestions on 
how to resolve them. Great review for more 
experienced Hams. Perfect for the beginner, m 
1985 

AR-FS Softbound $4.95 

LANDMOBILE AND MARINE RADIO 
TECHNICAL HANDBOOK 

by Edward Noll, W3FQJ 

This is THE HANDBOOK for those who operate, 
install or service two-way radios Covers private 
landmobile services, marine radiotelephone and radi¬ 


ham radio 


otelegraph, marine navigation and Citizen’s Band. An 
excellent reference book for those studying to pass 
the NABER technician certification exam. Areas 
covered include: transmission characteristics and 
modulation systems, basic solidstate theory, digital 
and microprocessor electronic s, antenna systems, 
test equipment, repeaters and much more 1985 
1st edition 576 pages. 

122427 $24.95 

THE COMMODORE 

HAM’S COMPANION by Jim Grubbs, K9EI 

Here’s your guide to using the Commodore C-64 
computer in your Ham shack. Good solid information 
on where to find software and hardware for CW, 
RTTY, AMT0R, SSTV, propagation prognostication, 
antenna modeling, satellite tracking and much more. 
Includes a list of over 80 sources of software and 
hardware. Also includes a bibliography of over 60 
magazine articles and reviews about using the Com¬ 
modore. lc? 1985, 160 pages, 1st edition, 
i JG CC Softbound $15.95 


Please add $3.50 to cover 
postage and handling. 
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new TNC from MFJ 
breaks price barrier 

MFJ Enterprises, Inc, of Starkville, Mississippi, 
has released its new affordable packet radio 
controller. 

At $129.95 (plus $6 shipping), the MFJ-1270 
breaks a price barrier to make packet radio more 
affordable by bringing together efficient manu 
facturing techniques and TAPR'S Tucson Ama 
teur Packet Radio) leading-edge technology. 

The MFJ-1270 is a nearly identical clone of the 
widely acclaimed TAPR TNC 2, with identical 
software and hardware. Neatly packaged in a 
new cabinet, the unit includes a TTL serial port 
for extra versatility. 



All that's needed to operate packet radio is a 
rig and any home computer with an RS-232 serial 
port and a terminal program. 

For Commodore 64, 128, or VIC 20 users 
there’s an optional Starter Pack for $19.95; this 
pubs them on the air immediately and includes 
interfacing cable, terminal soltware on tape or 
disk, and complete instructions everything the 
users need to get on packet radio. The MFJ 1282 
is the disk version and the MFJ-1283 is the tape 
version. Both are priced at $19.95 each. 

Unlike machine-specific TNCs, the general- 
purpose MFJ-1270 won't become obsolete be¬ 
cause the user changes computer or because 
packet radio standards change. The MFJ-1270 
can he used with any computer that has art 
RS 232 serial port and an appropriate terminal 
program. If packet radio standards change, soft 
ware updates will be made available as TAPR 
releases them. 

Speeds in excess of 56 Kilobauds are possi¬ 
ble with a suitable external modem. These faster 
speeds would be very difficult, if not impossi¬ 
ble. with any machine specific TNC or a TNC 
without hardware FIDLC. The MFJ-1270 can be 
used as an inexpensive digipeater. 

The MFJ TNC uses the latest AX.25 Version 
2.0 software. As few as three commands can 
be used to make contacts; 82 software com- 
mandsare featured. The "MFIEARD" command 
lists stations and the time heard. Up to four sta¬ 
tion roundtables are possible. 

Flardware features include HDLC for full du¬ 
plex, Z80A CPU, and a 16K EPROM, expand¬ 
able to32K. 16K RAM (with battery backupl and 


true data carrier detect are included. Terminals 
up to 9600 baud may be used. A tuning indica¬ 
tor port for HF and satellite operation is featured, 
and LEDs indicate connection, packet tone re 
caived, packet acknowledgement, power on, 
and activation of transmitter. 

The MFJ-1270 Packet Radio TNC 2 and MFJ 
1282/MFJ-1283 Starter Packs come with a dou¬ 
ble guarantee. They can be ordered from MFJ 
for a 30-day trial period. If they don't satisfy your 
needs, return them for a full refund, less ship¬ 
ping. MFJ's full one year unconditional guaran¬ 
tee covers all products. 

To order or request additional information, 
contact MFJ Enterprises, Inc., P O. Box 494, 
Mississippi Slate, Mississippi 39762. 

Circle /301 on Reader Service Card. 


digital voice recorder 

Advanced Computer Controls, Inc., has an¬ 
nounced its new Digital Voice Recorder, which 
provides remote audio record and playback capa¬ 
bility for voice repeaters. The DVR allows the 
repeater owner to lemotely record any of the 
repeater's programmable messages - IDs, tail 
messages, emergency autodial responses, alarms, 
courtesy tones, etc. In addition, its touchtone- 
activated voice mailbox lets users leave recorded 
messages for others. 

The DVR's direct digital recording technique 
of fers a high-quality audio mode as well as two ad¬ 
ditional quality level modes designed to conserve 
memory and extend recording time. 



The DVR uses up to 32 inexpensive64K or 256K 
dynamic RAM chips and is available with one, 
two, or three independent record/playback chan¬ 
nels, which means that one DVR can service up 
to three repeatersat one site, or two repeaters and 
the phone line. 

The DVR is available from $849 (manual alone, 
$5 postpaid). For additional information, contact 
Advanced Computer Controls, Inc., 10816North- 
ridge Square, Cupertino. California 95014. 

Circle 1302 on Reader Service Card. 

Butterworth design pro¬ 
gram for IBM PC and 
compatibles 

Etron RF Enterprises has released the third in 
their series of PC DOS programs for designing 
RF circuitry. RF Notes Number 3, Volume 1 
covers low pass, high-pass, bandpass and band- 
reject Butterworth filters. Each of the four pro¬ 
grams outputs both graphical response curves 
and schematic diagrams. 

Written in BASIC A, the programs are avail¬ 
able in both monochrome and color versions for 


the IBM PC, PC XT, PCjr and most compatibles. 
Each requites 128K ol memory and the appropri¬ 
ate graphics display card. 

Further information is available from Etron RF 
Enterprises, P.O. Box 4042, Diamond Bar, 
California 91765. (Also available from Ham R.'i 
dio's Bookstore. Greenville, NH 03048, for $84.95 
plus $3.50 shipping and handling.) 

Circle 1303 on Reader Service Card. 

plug-in encoder-decoder 
for RCA/TACTEC TAC-200 

Communications Specialists, Inc. of Orange, 
California has just introduced a direct plug-in 
encoder decoder for the RCA/TACTEC TAC- 
200 and VEETAC mobiles. The TS-32TAC, 
based on the proven TS 32, is available in two 
versions; the TS 32TAC 1 will encode and de¬ 
code one tone only, while the TS-32TAC-2 will 
either encode and decode two tones, or encode 
one tone and decode a different tone. 



Both versions of the TS 32TAC plug directly 
into the host radio without any modifications to 
the tone board or the radio, to allow for econom¬ 
ical installation and removal. 

The TS 32TAC is available for immediate ship 
ment and comes complete with a one-year war 
ranty. Prices are $78.26 for the TS 32TAC 1 
single tone unit and $82.92 lor the TS 32TAC 2 
two-tone board. 

A catalog is available on request. For infor 
mation, contact Communications Specialists. 
Inc.. 426 West Tall Avenue. Orange. California 
92665 

Circle /304 on Reader Service Card. 

ham upgrade cassettes 
and books 

Gordon West's Radio School has produced 
a four-cassette stereo theory course entitled 
"Tapes'N Books Theory Course." Each course 
contains four long-play, stereo theory tapes plus 
a fully illustrated textbook and the ARRL's FCC 
Rule Book. Theory cassette courses are avail 
able for all grades of amateur radio licensing. 

The course contains the questions arid an¬ 
swers to be found on any Amateur Radio exami¬ 
nation, as well as the "sounds" of Amateur 
Radio. You can actually hear the difference be 
tween a properly adjusted speech processor and 
the effects of overmodulation, for example. You 
can hear the difference between AMTOR, 
ASCII, and BAUDOT. You'll tune into actual 
ham radio transmissions, and actually hear the 
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WORLD-TECH PRODUCTS 


SALE PRICE 

$ 34.95 

List Price s 49.’'‘ 

Model M3111A (S) 




ANYWHERE - EVERYWHERE INSTANTLY 

• 12/24 Hour Time Piece 

• Easy Id iui) local lime in cities around Hie world 

• Available in smoked acrylic 01 clear stand 

• Oaylighl/lfiglillime shown on 24 m dial 

• Accuracy assured to > 15secondspe> monlhwithquarla movement 

• Time piece diameter 6V, height 9' width 8" Uses I "AA" battery, 
not included 

ORDERS ONLY CALI 

1 - 800 - 835-2246 Exl.216 
FOR INFO CALL |B13| 442-5862 

ftonda residmls add 51 Pftast add ‘250 tor shipping 
or write t?33 Kapp Dr, Clearwater, Ft. 33575 
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SATELLITE 
DECODER MANUAL 

Reveals How Signals are De Cy-Phared 

• Three different types used. 

• detailed/ schematics 

• digital audio processors 

• error correction & filtering 
100 pages bound... $24.95. 

NEW LADY X TAiSY KITS WtOM 
ASSEMBLED RKADV TO OO FRiDM 51 '*■? -3f, 

other types or decoders avaiuhlf 

SCHEMATICS 4 BOARDS AVAILABLE 
DEALERS INQUIRIES INVITED 

SEND $5 FOR INFORMATION CATALOG 

Pilgrim Video Products 

P O. Box 3325 H 
Plymouth Ctr.. MA 02361 
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difference between long-path and short path 
communications. 

Included with the theory cassettes are code 
test preparation sample QSO's. These sample 
CW QSO's will assist you in preparation for any 
code test that may he part of your upgrade. Also 
included with this course is the FCC test ques¬ 
tions syllabus, with updates; a copy of the new 
Form 610; a sample VEC type theory examina¬ 
tion; and all necessary FCC and VEC forms. 

All courses are $19.95 plus $5.00 for first class, 
same-day, postage, handling, and mailing. 

For more information,contact Gordon West 
Radio School. 2414 College Drive, Costa Mesa, 
California 92626. 

Circle /305 on Reader Service Card. 


repair or build antennas 
— with ease 

At last there's a brazing rod lor aluminum wilh 
a low melting point of only 732 degrees. All that's 
needed lor easy antenna construction or repair 
is a hand held propane torch, a good wire brush, 
and a supply of M.S.S. Wonder Rods, Only 
three simple steps ate necessary: (1) clean the 
area to Ire welded with wire brush; (21 hoot the 
area to he welded until the rod flows, scrubbing 
with the wire brush; and (31 heat the area again 
until the rod flows, fill it in, and let it cool. 

In building or repairing antennas, you can elim 
inate high-resistance joints and the need for 
clamps by welding. Antenna elements damaged 
by wind or sleet can be straightened; kinks or 
cracks can simply he filled in. 

Other uses for M.S.S. Wonder Rods include 
welding copper to aluminum (as in a matching 
networkl, repairing or plugging holes in alum 
inum panels, repairing holes in aluminum boats, 
or repairing most of the parts of your alternator. 
Other metals you can weld with Wonder Rods 
include copper, brass, galvanized steel, and 
white metal. 

A kit containing Wonder Rods and a stainless 
steel brush is available for $19.95, which includes 
tax and postage. For details, contact M.S.S 
Wonder Rods. N340I Castle Road, Medford. 
Wisconsin 54451. 

Circle* /30f> on Render Service Card. 


"clamp-on" RF choke 
suppresses interference 

EMC Datacard’s D9I0 series of clip-on chokes 
are said to greatly reduce interference when 
they're clamped onto interconnecting cables of 
various types of electronic systems. For exam¬ 
ple, installing them between the various parts 
- external drives, monitors, and printers ol 


a computer system provides significant reduc 
tion of any computer-caused RFI problems. 



The chokes clamp onto cables up to 0.4 incl 
in diameter. A professional kit (D918I. dasignet 
to protect up to eight cables, is available 
For details, contact EMC Datacare Ltd., Powo 
Court, Luton, Bedfordshire, LU1 3JJ, England 
Circle /307 on Reader Service Card. 


packet switch allows 
instant change from 1200 
to 300 baud operation 

Amateur Packet Alaska has announced th 
availability of its TNC VHF/HF Switch Kit. It 
all-CMOS logic assembly quickly changes enti 
cal filter and timing components in the TAPR 
AEA, MFJ, Heath and Pac corn TNCs to op 
timize the on board modem for HF or VIIF use 
The easy to build kit installs easily inside tb 
TNCs case. Complete step by-step instruction 
are included; construction should he complet- 
in just one hour. 

The APA VHF/HF Switch is available for $30 
which includes airmail postage. As an all 
volunteer organization, APA is unable toaccep 
telephone or credit card orders. Bu 
you can write to them for more information 
or to place an order al AX 25 Communica 
lions Trail. Ester,- Alaska 99725, 

Circle /308 on Reader Service Card. 


heat-powered "battery" 

A unique electrical generator has been deve 
oped and is being marketed by Ovonic Thermo! 
lectric Company, a division of Energy Conve 
sion Devices, Inc. This compact, lightweigh 
silent, solid state generator obtains its energ 
Irom any convenient source of heat an 
produces up to 6 watts of DC power at 9 volt 
and up to 5 waits ai 6 or 12 volts. Accotdtn 
to Ovonic, it can be thought of as a hea 
powered battery that never needs recharging 

Designated CSG (Compact Silent Generator 
it can serve either as a primary source ol powr 
or as a backup or emergency power source, an 
can power portable televisions, radios, lamp! 
fans, pumps or other light electrical loads. It ca 
also he used with an accessory to recharge ha 
teries. 

Campers can operate the CSG on camp stove 
or set it on a grate over a campfire. Boaters an 
operators of recreational vehicles can use it o 
the galley stove. In homes and cottage 







equipped with wood stoves, the CSG can be 
placed directly on the stove to produce electric 
ity. In homes it can also provide emergency 
power from a gas stove or can of Sterno ,u . 

For information, contact Energy Conversion 
Devices, 1864 Northwood, Troy. Michigan 
48084. 

Circle 1309 on Reader Service Card. 


Monitoring Times merges 
with International Radio 

Bob Grove, Editor of Monitoring Times, and 
Larry Miller, Editor of International Radio (for 
merly Shortwave Guide), have announced plans 
to combine their publications into a single 
operation. 

Monitoring Times, now in its fifth year of pub 
lication, has grown steadily, earning a worldwide 
reputation for accuracy, timely reporting, and 
journalistic integrity. International Radio lias simi 
larly earned a reputation for in-depth interviews 
of broadcasting personalities, up-to-the-minute 
time and frequency schedules, and program 
details. 

The expanded 60-page tabloid will be the 
largest periodical in the monitoring industry, 
featuring authoritative content and improved 
printing from a new laser printer on heavier 
paper. 

A year's subscription to the new Monitoring 
Times will be only $14. Discounts are available 
for two and three-year subscriptions, quantity 
orders for resale, and educational institutions. 

For more information on domestic ot foreign 
subscriptions, contact Monitoring Times a) 140 
Dog Branch Road, P.O. Box 98. Brasstown, 
North Carolina 2B902. 

Circle #310 on Reador Service Cord. 


160-meter vertical 

Oak Hills Research has announced its new 
DX-60V 160 meter vertical antenna, a folded de 
sign that measures 160 leel overall, with 120feet 
of wire. The DX 60V can be installed in a tree, on 
a tower, in either a slanted or vertical position. It 
will be handle the full legal limit and has a typical 
bandwidth of 110 kHz between 2; 1 SWR points. 
High-impact polystrenecoil frames and spreaders 
are used to prevent breakage in high winds and 
cold weather. Tapping the loading coil at two 
points and switching between them will give band 
coverage. In order to achieve maximum perfor 
mance. Oak Hills warns that it's imperative to have 
a ground system, Several suggestions are provid¬ 
ed in the maular.tiirnr's literature. 

For more details, contact Oak Hills Research. 
4961 North Douglas Road, Luther, Michigan 
49656. 

Circle #311 on Reador Service Card. 


Don’t fatiy from Hamtronics ... 

Unless you want the best possible equipment 
at the lowest possible price! ! ! 

The “wheeler-dealer" is back and he's beating 
everyone else's "deals.” 

We all know there's no such thing as a free lunch . . . 
so How Can We Do This? 

• We don’t run alot of ads featuring sale items 

• We don't spend alot of money on full page ads 

• We don’t have sales on just the fastest selling 
products 

• We don’t short cut you on service. We are a factory 
warranty repair facility for everything we sell! 

• We don’t mail out free catalogs 

• We don’t have a free WATS number. 

You and every other Ham customer is paying for all 
these do-dads and sales gimicks. 

Hamtronics puts the savings into your pocket. 
Hamtronics guarantees to meet or beat any advertised 
price on every item we sell. 


Hamtronics Has It All! 


m Let Hamtronics be your Ham Radio equipment dealer. 
*■ We’re celebrating our 35th year in the Ham business 
m at the same location. 



= A DIVISION OF TREVOSE ELECTRONICS 
5 4033 BROWNSVILLE RD., TREVOSE, PA 19047 

■ (215) 357-1400 
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ARRL 

PACKET 

PRIMERS 

BUY 'EM BOTH SPECIAL 
REG 27.90 NOW 24.95 
SAVE OVER 10% 



ARRL COMPUTER NETWORKING 
CONFERENCES 1-4 

Pioneer Papers on Packet Radio 1981-1985 

This collection ol Packet Radio papers should be in every 
Packet enthusiasts shack! Written during the lormulativc years 
of Packet development, these papers (loo numerous to men¬ 
tion them all) cover: Iheory. praclical applications, protocols, 
soltware and hardware subjects You also pel a complete up- 
to-date collection ol all published Gateway", the ARRL Pack 
el Radio ncwslotloi As big as the ARRl HANDBOOK. this new 
book is sure lo be the ARRL'snort besl seller 1 1985 over 
1000 pages 

AR-CNC Soltbound $17.95 

5th COMPUTER NETWORKING 
CONFERENCE PAPERS 


Please enclose $3.50 shipping and handling. 

ham m - 


m wmam m m m — 

radio. 


Moreinlorinahon Irani ARRl and oilier son the exploding held 
ol Packet communications Full ol the all die latest trends, 
ideas and inhumation 1986 

AR-CNC5 Soltbound S9.S5 
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RATES Noncommercial ads 10C per word; 
commercial ads 60c per word both payable 
In advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


OX ANTENNAS FOR 160-10METERS. Small size, broadband, 
high performance. Also, antenna parts, Beverage insulators, wire 
and cable. Lowprices and fast service. SASEforcatalog. W1FB, 
Oak Hills Research. POB250, Luther, Ml 49656. 

KENWOOD 520S $150.00 Needs repairs. Send SASE for details, 
Ken Hand, WB2EUF, Box 708, East Hampton, NY 11937. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C Ef D Electronics, PO Box 
1402, Dept. HR. Hope, AR 71801. 

ELECTRONIC DESIGN experienced in RF, Audio, and 
Microprocessors. Complete laboratory and facilities. John Battle 
Ft Associates, 1000 South Peachtree #101, Norcross, Georgia 
30071. (404)449-8536. 

Y AESU OWNERS: H undreds of modifications and improvements 
for your rig. Select the best from fourteen years of genuine top- 
rated Fox-Tango Newsletters by using our new Comprehensive 
Index. Only $4 postpaid with Rebate Certificate creditable toward 

Newsletters purchases. Includes famous Fox-Tango Greensheet 
and Filter information for your rig (it specified), N4ML, FTC, Box 
15944, W. Palm Beach. FL 33416. Telephone (305) 683-9587. 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Postlach 2454 
D-7850 loerrach 
Wesl Germany 
Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 418 
B-9218 Gent 
Belgium 

Ham Radio Holland 
Postbus 413 
NL-7600 Ar Emmen 
Holland 

Ham Radio Europe 
Box 2084 

S-194 02 Upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis. Ave des Clarions 
F 89000 Auxerre 
France 

Ham Radio Germany 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 


Canada 
Send orders to 
Ham Radio Magazine 
Greenville. NH 03048 USA 
Prices m Canadian funds 
1 yr $29 96, 2 yrs $63 30 
3 yrs $75.40 


Ham Radio Italy 
Via Maniago 15 
1-20134 Milano 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 


Ham Radio England 
c/O R.S G.B 
Alma House 
Cranborne Road 
Potters Bar 
Herts EN6 3JW 
England 


ATTENTION AMATEURS Send for Free discount catalog. Am¬ 
ateur Communications, 2317 Vance Jackson, San Antonio, TX 
78213 ( 513) 734-7793. 

NYE AntennaTunerMB-IV. Near perfect cond. $250. FOB W1CPI. 
789-1817. 

LOW FREQUENCY Knight S/R receiver 200 kHz-30 MHz $55. 
RCA 308 B field intensity meter 120 Hz 1.8 MHz $150. HP 31OA 
wave analyzer receiver 1 kHz 1.5MHz$175. HP0-100D L/Fstan 
dard 10 Hz-1 MHz has 2" scope $85. HP-202C L/F oscillator 1 
Hz-100 kHz $45. Trade for FT 757GX or TS 430S. K6KZT, 2255 
Alexander, Los Osos, CA 93402. 

BEAM HEADING CHART, 10 page report in binder with 9 data 
fields calculated from your exact QTH to over 540 DX locations. 
$9.95 from John Daley, KB6JGH, PO Box 4794, San Jose, CA 
95150 

8877 VHF AMP KITS: HV power supplies, CX600N relays, MuTek 
LTD fiont end boards for IC251 / IC271, EM E newsletter and QR 0 
parts. SASEfor new catalog. KB7Q, "Q” Products, 4l7Stauda 
her Street, Bozeman, MT 59715. 

ELECTRON TUBES: Radio, TV & Industrial Types Huge inven 
tory. Send for 80% off tube listing. Call Toll Free (800) 221 5802 
or wrile Box HR, Transleteronic, Ire.. 136539th Street. Brooklyn, 
NY 11218 (718) 633 2800 

CIRCUIT BOARDS, kits, and assemblies for QST articles. For info 
SASE to: A & A Engineering, 7970 Orchid Drive, Buena Park, CA 
90620(714)521 4160 

MICROWAVE VCO's Watkins Johnson V90I, 3.6 GHz to 5.0 
GHZ, $40 postpaid. Stan Bode. 2248 Lockwood, Carrollton, TX 
75007. 


RTTY JOURNAL —Now inour34thyear. Join the circle of RTTY 
friends from all over the world. Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15.00. Send to: RTTY JOUR¬ 
NAL, 9085 La Casita Ave., Fountain Valley, CA 92708. 

THE GOOD SAM HAMS invite R V operators to check in the Good 
Sam Ham net 14 .240 Sundays 7900Zalso3.890 Tuesdays at2359Z. 
Net control N5BDN, Clarksville, IN 

IMRA, International Mission Radio Association helps missionaries. 
Equipment loaned. Weekday net, 14.280 MHz, 2 3 PM Eastern. 
Eight hundred Amateurs in 40 countries. Brother Frey, 1 PryerMan 
or Road, Larchmont, New York 10538. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to G.L. 
Pierce, 5521 BirkdaleWay. San Diego. CA92117. SASE brings in¬ 
formation. 

EIMAC 4CX1000A/8168 tube, brand new. $275. SASE for list of 
electronic components and computer gear. David Roscoe, 
W1DWZ, 49 Cedar, East Bridgewater, M A 023331617) 378-3619. 

WANTED: Small 1 kW linear such as Dentron GLA-1000, Heath 
SB-200 or Yaesu FL-2100B. Rob Frohne, KL7NA, 1320 Palmer 
Drive #311, West Lafayette. IN 47906-1815. (317) 463-2305. 

DISCOUNT CATV CONVERTERS/DECODERS and Video ac¬ 
cessories. Send for free information and prices - it could save you 
BIG MONEY on your next purchase of these and other CATV 
items. Easy View, (HR) PO Box 221, Arlington Heights, Illinois 
60006. (312) 952 8504. Ask for Rudy Valentine. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
typesavailable. Large stock. Next day delivery, most cases. Daily 
Electronics. PO Box 5029, Compton, CA 90224. (213) 774-1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering in¬ 
formation. Hein Specialties, Inc., Dept301,4202 N, Drake, Chica¬ 
go, II 60618. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith-- Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Mastercard, 
VISA, COD accepted.Free Catalog — call (800) 345-8927 only Pa¬ 
cific Cable Co., Inc., 7325 1/2Reseda Blvd,#10l5, Reseda, CA 
91335. (818)716 5914. 

HAMMARLUND HX-50A transmitter and HQ-180A receiver. 
Good condition. Manuals included. $200. Mike Ryder, KA9N, 503 
South 5th Street, Oregon, IL 61061. 

COLLINS OWNERS go modern. Solid state tube replacement for 
VFO, U301,6AU6, in 75 series receivers. No modification. Just 
plug in. $9.00 each postpaid. Fast delivery. PO Box 64117, Tuc¬ 
son, AZ 85740 1117. 

CHASSIS and cabinet kits. SASE K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 


COMING EVENTS 

Activities — “Places to go...” 

TH AN K Y OU! TCR A (Tri-County Radio Association) thanks all our 
customers and vendors who madeourMay4, Stirling, NJ, Ham¬ 
fest a big success. We look forward to seeing you next year. 


ALABAMA: The Huntsville Hamfest, Alabama's largest, Satur 
day and Sunday, August 16 and 17, Von Braun Civic Center, 
Huntsville. No admission charge. Exhibits, forums, ARRL booth. 
Also non-ham activities. Air-conditioned indoor flea market. Re¬ 
served tables $8/day. Walk in CAVEC exams given at the Hunts¬ 
ville HS cafeteria beginning 9 AM Saturday. Toursof the Alabama 
Space & Rocket Center available. A limited number of camp sites 
with hookups available at the VBCC- Talk in on 34/94. For more 
information: Huntsville Hamfest, 2804 S. Memorial Parkway, 
Huntsville, AL 35801. 

OHIO: The Lancaster and Fairfield County Amateur Radio Club's 
annual Hamfest, Sunday, August 10, Fairfield County Fair¬ 
grounds, Lancaster. 8 AM to4PM. Admission $3.00 advance or 
$4.00at the door. Limited tables at $4.00 each advance; $5 00 at 
door or bring your own Table space $3,00 advance or $4 00 at 
door. Plentyof parking. Refreshmentsavailableallday. Formore 
information write Box 3, Lancaster, Ohio 43130. 

ILLINOIS: The Hamfesters Radio Club is sponsoring their 52nd 
Hamfest, Sunday, August 10, Santa Fe Park, 91stand Wolf Road, 
Willow Springs (near Chicago). Gatesopen 6 AM. Free parking. 
Vendors, ARRL and FCC tables. Refreshments available at 
reasonable prices. Tickets $3.00 donation advance. $4.00 dona 
tion at gate. For advance tickets send check and SASE to Ham 
festers Radio Club, PO Box 42792, Chicago, IL60642. For general 
information call (312) 588-4802. 


OHIO: The 12th annual Hall of Fame Hamfest, August 10, present 
ed by the Tusco ARC, W8ZX and the Canton ARC, W8AL. 
Nimishillen Grange, 6461 Easton Street, Louisville. Registration 
$2.50advance; $3.00atihegate. Reserved tablesavailable$5.00 
each. Deadline 8/1 /86. Large flea market, forums and plenty of 
good food. Mobile check in on 146.52/52 and 147.72/12. For in¬ 
formation: Tusco ARC, PO Box 725, New Philadelphia, OH 44663. 


NEW YORK: Electronics Extravaganza sponsored by the Putnam 
Emergency Amateur Repeater League, Saturday, August 16, J.F. 
Kennedy Elementary School, Brewster. 9 AM to4 PM. Admission 
$3.00. Children under 12 free with adult. Food and refreshments 
available. Indoor tables, with one admission, $10.00. Tailgating 
$5.00. FCC exams. Lim/ied walkins. Talk in on 144,535/145.135, 
For table reservations or information: R. Dillon, N2EFA, RFD 7, 
Noel Court, Brewster, NY 10509. 


WYOMING: ARRL Rocky Mountain Division Convention and 5th 
annual WIMU Hamfest. August 1,2and3, Virginian Motel, Jack- 
son Hole. Offering the scenic beauty of Yellowstone and Teton Na¬ 
tional Parks. Great fishing, horseback riding, raft rideson the Snake 
River. Fun forthe entire family! For more information: George Sie¬ 
gel, 130 E. 17th Street, Idaho Falls, ID 83401. Telephone (208) 
523 7433. 

PENNSYLVANIA: W3PIE, the Uniontown Amateur Radio Club's 
37th annual Gabfest, Saturday. September 6, Club Grounds, 
Old Pittsburgh Road, Uniontown, 50 miles south of Pittsburgh. 
Free parking, free coffee, free Swap & Shop setup with registra¬ 
tion at $3.00 each or 2/$5.00. Talk in on 147.645 .045 and 
144.57-.17. For further information: UARC Gabfest Committeec/o 
John T. Cermak, WB3DOD, PO Box 43, Republic. PA 15475. (412) 
246-2870. 


PENNSYLVANIA: The Central PA Repeater Association's annual 
Electronic Exhibit/Ham/Computerfest, August24, PennHarrisInn 
and Convention Center Rtsll and 15, CampHill. Gatesopen8AM. 
Admission $4.00. XYL'sand children 12 and under free. Indoor air 
conditioned exhibit area. Large outdoor tailgating area. Various 
seminars. Amateur license exams starting 9 AM. Food and refresh¬ 
ments available. Talk in on 145.47 and 146.52 simplex. For infor¬ 
mation and reservations: Paul McDonnell, N3BKI, l207Apple 
Drive, Mechanicsburg, PA 17055. <717)697-1880(12noon loSPM) 


INDIANA: The9th annual Bloomington Hamfest, Sunday, August 
31,2335 Vernal Pike, the 147.78/. 18repeater site. 8 AM to2 PM. 
Admission $2.00. Food concession. No charge for setups but bring 
own tables. FCC VE exams contact K9PS for details. For Hamfest 
information please SASE to Bob Myers, K9KTH, 306 S. Fairview 
St., Bloomington, IN 47401 or call (8121 332 1106. 


MAINE: ARRL sanctioned Windsor Hamfest, sponsored by the 
Augusta Emergency Amateur Radio Unit, September 6, Windsor 
Fairgrounds. Flea market, programs, speakers, commercial dis 
tributors and the traditional Saturday bean and casserole supper. 
Gate donation $1.00. Camping $3.00 per night or $5.00 for two 
nights. Talk in on 146.22/82 repeater. For more information: Dot, 
W1TGY and Phil, W1JTH, Young, 47 Longwood Avenue, Augus¬ 
ta, ME 04330. (207)622 1385. 


INDIANA: The Porter County Amateur Radio Club's Hamfest, Au¬ 
gust 3,49'er Drive-In Theater, State Road 49, Valparaiso. Gates 
open 8 AM. Admission $3.00 at gate. Talk in on 147.96/.36and 
.52 simplex. For more information: PCARC, PO Box 1782, Valparai¬ 
so, IN 46382. 


NEW JERSEY: The Ramapo Mountain Amateur Radio Club's 
10th annual Flea Market, August 23, Oakland American Legion 
Hall. 65 Oak Street, Oakland. 20 miles from GW bridge. Indoor ta¬ 
bles $6.50. Tailgating $3.00. Admission $1.00. Non-ham family 
membersfree. Talk in on 147.49/146.49 and 52. For information: 
Tom Risseeuw, N2AAZ.63 Page Drive, Oakland, NJ07436. Tel. 
337-8389 after 6 PM. 

INDIANA: The7thannual Grant County Amateur Radio Ctub Ham¬ 
fest, Sunday, August 10, 4-H Fairgrounds, Marion. Doors open 
8 AM. Refreshments, free parking license exams. Donation $2.00 
advance; $3.00gate. Forinformation/ticketsSASEto: WB9EAP, 
Brooks Clark, 2202 South Boots Street, Marion, IN 46953. 


MISSOURI: The St. Charles ARC will sponsor Hamfest '86, Sun¬ 
day, August 24, Blanchette Park (New Site), St. Charles. 7 AM to 
2:30 PM. Free admission and parking. Forums and FCC licenseex- 
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■init. ji 10 AM 52.00 domitiori lor tailgatu Itvu 
mitrkisl DonkMSwulcomo: Talk ino» 146.0//67 topontof ami MO.52 
simplex. Contact. Eric Koch. NFOQ, 2805 WesUninisiui, Si 
Charles, MO 63301. 1314) 346 09-18 

MINNESOTA: The Si Cloud Anuilour Radio Club Hamlesi. Au 
gnat 10. Lake George, St Cloud Displfrys, demons!rations and 
trader. Ticket donation $3.00. Extra ticket $2.00 Snack countei 
Talk inl<t/*>4 primary, 015r()15secondary Contact: SCAKC. Box 
141, St Cloud, MN 56302 

TENNESSEE: The Lebanon Homiest sponsored by the Short 
Mountain Repeater Club. August 31. Cedars ol Lebanon State 
Park. US 231. Lebanon Outdoor (anilities only Exhibitors bring 
your own tables Food and drinks available. Talk in on 
146 31 146.91 Far more trilorinaticm Mary Alice Fanning, 
K A4GSB. 4936 Dauby Drive. Nashville. TN 37211 

MICHIGAN: September 14, l/Anse Crease ARC will havens 14th 
annual Swap and Shop, L'AriseCruusu High School, Mt. Clemens 
0800 1500 Admission$1.00advance. $3,00at thedoor. Plenlyof 
food and parking. Trunk sales $4.00/space Inside tables $8 00 
each for Tickets and table reservations SASE to Maurice 
Scbretecattu. N8CEQ.15835'TourniheCt, Ml. Clemens, Ml48044 
13131286-1843 

MASSACHUSETTS; The Chelsea CivilDelense will sponsor Am 
atenr Radio evening classes at Chelsea High School star eng Sep 
temhet II. 1986 lor those wishing to obtain a Novicu, 
l ech:' (ionmnl license. There will be a minimal (ee for materials cost 
only Share in o great hobby I For more in forma tion. Frank Masucci. 

136 Grove Street, Chelsea. MA 02150. Please include your phone 
number. 


VIRGINIA/WEST VIRGINIA; The HIuclick! Hamlest, sponsored 
by the East River ARC. Sunday. Auyusia24, Brushlord Armory, 
1 mite north ol Bluufiuld, WV. US52 Admission $4,00. Children 
undet 12 free. Large indoor (lea market Amateur radio, computer, 
satellite TV and other specialty rlealers.Vt'alkin Amateur Radio ex 
urns 9 AM only. $4.00 (eu (or all exams except Novice. Talk in on 
144 .89) 145.49awl 146.52. Paved parking, load on site, other ar: 
tivities. For inlormation. Jim Perdue, KC8NG. Rt 5. Box 457. 
Blue held, WV 24701 

MICHIGAN: The Five County annual Swap-N-Shop. August 24. 
Saginaw Civic Center. Ooors open 8 AM. 6 AM for dealers, Ad 
vanee tickets$2.00. $3.00at thedoor. Tables$7.50/8" tables. Co 
vored trunk sales area $3.00 tier car. Talk in on 147.84/24 and 
146.52. For information call Don 15171893-3475. For advance trek 
ets and tablr? reservations: Five County Swap-a Shop, PO Box 
1783. Saginaw Ml 48605 1783 

OHIO: The Union County Amateur Radio Club s 10th annual 
Marysville Hnmfust and Auction, Sunday, August 24, Marysville 
Fairymtirid. Gates openfiPM Saturday overling (or (rue overnight 
camping, free entertainment Saturday nigtit. Auction Sunday al 
teinaon. Largo Ilea market urea. $1.00/10‘space. Powur $2,00ex 
tra. Advance tickets $3,00 At the gate $4.00 For information 
plea no SASE to: Gone Kirby. W8BJN, 13613 US 36. Marysville. 
OH 43040 1513) 644 0468. 

PENNSYLVANIA: The Mid Atlantic Arrateur Radio Club s annual 
Harnfe;.l. Sunday, August 10, Bucks County Drive irt Theater, Rt 
611, Warrington. 8 AM to 3 PM Rain or shine. Admission $3 00 
plus $2.00 tor each tailgate space. Briny your own rabies. Talk in 
on WB3J0E/R. 147.66/ 06or 146.52. For ini or matron: MARC^PO 
Box352, Villanovu. PA 19085or call Bob Josuwoil. WA3P2012151 
44ft 9727. 

INDIANA: TheWA9SNT Amntuur Rarfio Club will hold its annu 
al Swuplest. August 9. ITT Technical Institute. 9511 Angola Court. 
Indianapolis. 8 AM to 4 PM General admission $2.00. Students 
$1.00 Flea market spaco$1C)0additional. Setup timo6 AM Auc 
Iron, large (lea maiket. refreshments avioloble. ITT Technical In 
stitutewill hulrlanopen house during the Swaplest All interested 
are invited to tout the facilities. For additional information: Dave 
Johnston, K9HDQ, e/o ITT Technical Institute, 9511 Angola 
Court. Indianapolis. IN 46368 1317) 875 8640. 

19fl6 “BLOSSOMLAND BLAST” Sunday, October 5. 1986 
Write BLAST ". PO Box 175. $t Joseph, Ml 49085 

CALIF0HNIA:FCC exams. Novice-Exlia Sunnyvale VEC ARC 
1408) 255 9000 24 hour 73. Gordon WGNLG. VEC 

MASSACHUSETTS: The MIT UHF Repeater Association and the 
MIT Radio Society offer monthly Ham Exams All classes Novice 
to Extra Wednesday. August 20,7 PM. MIT Room 1 134. 77 Muss 
Avenue, Cambridge MA Reservations requested 2 days in ad 
vanee. Contact Ron Holfmann (617(253 0160/646 1641 or Ctaige 
Rodgers (617) 494 1986 Exam lee $4.25. Bring copy of current 
license I if rmyr, two loims of picture lOand completed form 610 

available from FCC in Boston <223 66091 

OPERATING EVENTS 

“Thingsto do.. 

OHIO STATE FAIR Social Event. August 117 Listen for W8TO 
80 H) motors. Exchange QT H and RST. All correspondence and 
ruquesis tur uwurUa to AR3 W8TO, att; State Fhii event cooufi 
natnr 280 East Broad St. Columbus. Ohio43215 

Tho Penn*Jorsoy ARC will operate W2S JT. from 1600 UTC, Au 
gust 9 lo 1600 UTC August 10. to honor llie Oxford furnace, an 
historic landmark, 2rn, 450 and all HF trawls. For certificate send 
OSL and 3 stamps to Ron Semonche. WB2TOJ. 263 W, Carlton 
Aveniiis. Washington. NJ 0/882 


SCHAUMBURG SEPTEMBERFEST Tlwi Schaumburg ARC will 
operate club station WB9TXO from the grounds o! the Schnum 
burg SepteuilK’dest, August 3t, 16002-21002. For certificate send 
OSi to SARC. PO Box 94251 Schaumburg. 1L 60194 

IBM RADIO CLUB will operate special event station WDOGNK. 
August Ifi. to celebrate the 30th anniversary ol the IBM Corp m 
Rochester, Minnesota. Certificate for QSL and SASE via 
WDOGNK IBM Radio Club. IBM Corp, D«pt 060, Hwy 52 North. 
Rochester, MN 55901. 

The NORTH OTTAWA ARC will operate KA8USK aboard the US 
Coast Guard cutter Mackinaw as part of the Grand Haven Coast 
Guard Festival July 30 August 3, For commemorative certificate 
send OSL and 9x12 SASE via NOARC. Box 44, Foriysbutq. Ml 
49*104 

NEW JERSEY QSO PARTY All Amateurs world wide ftreinvrt 
ed to participate. 2000 UTC August 16to0700 UTC August 17.1303 
UTC August 17 to02IXX)UTC August 18. Phone/CWsamecon- 
«est Contact a station once each band. Phonu/CW separata 
bands. Call 'CO New Jersey " or "CO NJ" New Jersey stations 
sign "OE NJ ". Exchange QSO number. RST nncIQTH. NJ stations 
send county. Send logs and comments to Englewood ARA, P0 
Box 528. Englewood. NJ 07631 0528 with 10 SASE lor results. 

THE WILD BUNCH 160 meter SSB Contest. (XXX) GMT August 
2 to 2400 GMT August 3 Deadline for logs 9/7/86postmark Send 
toRobKoziomkowski, KAlSR 5Watson Drive, Portsmouth, Rl 
028/1. 

DX CERTIFICATE. Nigerian Amateur Radio Society announces 
its' NARSat 25 Award" T o enema ago more contact with Nigerian 
Amateur Radio stations. DX stations need to work only 5 Nigel 
ton barn St a lions to obtain this DX certificate. Send prool of con 
tact plus $5 00 to WARS at 26 Award, PO Box 2873. Lugos. Nigeria, 
West Africa 


CHARGE €& 
YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 



Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing "Hams" for 30 years, no rig 
too old or new lor us. 



4033 Brownsville Road 
Trevose, Pa. 19047 

215 - 357-1400 




LOOP YAGIS AND AMPLIFIERS FROM 

DOWN EAST MICROWAVE 


• TR0P0 

• EME 
. 902 


1296 


• WEAK SIGNAL 
• OSCAR MODE l & MODE S 


• 2304 


• 2400 MHz 


20-f <IBi 
20+ dBi 
20+ dBi 
18 5 (IBt 


1269 

2345LY 45 ill lOOJ Yatji 1296 MHz 

2445LY 45 el fooa Yagi 1269 MHz 

1345LY 45 el Ioo,i Yagt 2304 MHz 

3333LY 33 el loop Yam 902 MHz 

above antennas are assembled and tested 
All aluminum and slamloss construction Kits also available 
Add $8 {S11 wer.i ol Rockies) per anlenn3 tor UPS shipping 
2 & 4 way power dividers, complete arrays available 
2316 PA Linear Amu twin 18woul 1296 MHz 13 5VS245 
2335 PA Linear Amu lOw in 36w oul 1296 MHz 13 5 VS295 
include S5 lor UPS Blue - 4B slates 
Write abouf Higher Power. 2304 Imoars, GaAs fel preamp;, 
Free caiaioo 

DOWN EAST MICROWAVE 

Dili Olson. W3H01 

Uni IfiSSA. RFD I. Burnham. ME 04922 __ 

JEim (207) 94B 3741 ^g|| 


^ 131 


Ideal for Packet Radio 

Teletype 

Model 43 

$195.00 

-OR- 

TI 745 

$165.00 

KSR Terminals 
will! RS-232 
serial I/O 

We have fully recoiulilioneti Model 43 Teletype 
ami Texas lust mu tents 745 terminals llial luve 
come off lease stud are now available for immedi¬ 
ate delivery. These aa* well maintained units 
furnished with a W day return to depot warranty 
Huron Leasing, Inc. 1-800-572-6060 
Ask for Dianne 132 (312) 690-0550 
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switch to safety 


This is an editorial that / wish never had to be written. 

This past Field Day, Mike Mankey, WBOTEE, ARRL North Dakota Section Manager, was killed when 
the antenna he was erecting came into contact with a power line. According to the news report, the site 
was unfamiliar to Mike's group, and they didn't see the power lines hidden behind the trees. 

I'd like to report that this is the first time something like this has ever happened, but it isn't — and I'm 
afraid it won't be the last, either. Perhaps as we share, with Mike's family and friends, the sorrow of his 
loss, it would be appropriate to give some thought to the dangers we face in pursuit of our avocation. 

We've all done foolish things while working with electricity. When I was wiring 220 volts for my ampli¬ 
fier, for example, I was certain the circuit was dead; I'd pulled the breaker to de-energize it. But when 
I clamped my wire cutters and squeezed them shut, POW! Sparks, smoke, a sudden dimming of the house 
lights, and a wife screaming down the stairs expecting to find the worst. I was stunned and ashamed by 
my stupidity — I'd pulled out the wrong circuit breaker! 

As I calmed both myself and my wife down, I started to analyze what I'd done wrong. It was late. I 
was tired and in a hurry to get the work done. I thought I'd taken all precautions. . . if you pull the breaker, 
the circuit is dead — isn't it? 

I've done other very stupid things over my almost 20 years as a ham. Although I'm not proud of these 
experiences, I do hope I've learned something from them. WBOTEE's untimely death serves as a reminder 
to us all that it's imperative to always, always think safety, no matter where you are and no matter what 
you're doing. 

If you're climbing a tower, make sure you're safely belted to it. If you're troubleshooting a live circuit, 
remove all rings, jewelry, and watches that could make you part of a complete circuit; keep one hand in 
your pocket. Make sure power supplies are properly built with the appropriate bleeder resistors. Don't stick 
your hand into your amplifier when it's turned on to "adjust" that bent plate choke. And watch out for 
power lines; they aren't always easy to see. 

By the way, if you were to receive an incapacitating shock, would your family know what to do? Would 
they know not to touch you directly, but to pull you away from the electrical source with a stick or some 
other nonconductive tool and turn off the power ? Do they know CPR? Do they know how to get qualified 
emergency help as quickly as possible? Are the phone numbers posted by the phone — or better yet, on it? 

We extend our deepest sympathy to Mike Mankey's family. Although we cannot lessen their loss, we 
can learn from it — and switch to safety. 


Craig Clark, N1ACH 
Assistant Publisher 
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de W9JUV 


OSCAR 10 IS BACK ON THE AIR ON BOTH MODES B AND L, as a result; of some masterful computer 
analysis and reprogramming! The sophisticated bird had shut down several months ago, apparently 
from radiation-induced memory damage. After extensive earlier efforts to regain control failed, 
it seemed almost certain OSCAR 10 would be off the air for good. However, analysis of the 
limited responses that could be induced by control station commands provided clues to what 
portions of its memory still seemed intact, and when DJ4ZC uploaded software written for those 
memory areas the satellite came back to life! 

It Now Appears OSCAR 10 Will Be Usable In Both Modes for the foreseeable future, but with 
some limitations; at this time the most important is a 100-watt ERP limit on uplink signals. 

The CW/RTTY beacon is apparently gone for good, but attitude control has been restored so the 
control stations should be able to keep the batteries well charged. There’s cautious hope that 
OSCAR 10 can be kept up and running at least until the Phase 3C satellite goes up, though 
recent problems with the French Ariane launch vehicle have pushed its launch well into 1987. 
Check the various AMSAT nets for further updates. 

The Japanese JAS-1 Satellited Launch. Scheduled For Late July , was also pushed back but at 
presstime was still expected during the first half of August. In addition the launch of two new 
Russian Amateur satellites, RS-9 and RS-10, is likely in September. 

AMSAT Has A New Illustrated Catalo g of Membership Supplies , software, and publications. 

It’s available from the AMSAT office (301 589-6062) or at AMSAT hamfest booths. 

MIAMISBURG, OHIO’S TOXIC TANK CAR FIRE THAT BEGAN JULY 8 SPARKED one of the nation’s 
largest mass evacuations ever and once more proved conclusively Amateur Radio’s value in 
emergency situations. Almost 400 area Amateurs from about 20 clubs took part during the 
four-day emergency, providing the essential interconnecting link for participating local, 
state, and federal agencies. Since most agencies are limited to their own unique frequencies, 
and those in many cases were jammed with the volume of communications. Amateurs rode police 
cars, fire trucks, and even a helicopter to provide those working the disaster with the only 
common communications network that could tie them all together. 

precise rain shower and wind shift information, vital to plotting the toxic cloud’s path. 
Amateurs also coordinated the evacuation of more than 300 nursing home residents to a safe 
location, monitored hospital emergency room loading, and arranged food shipments to the various 
evacuation centers. In the aftermath of the 100-hour-long operation the Amateur communicators 
received very high marks from those they were assisting and as well as plenty of very positive 
media exposure. Congratulations to all for a very fine job! 

ARRL HAS ASKED THE FCC FOR IMMEDIATE ACCESS TO THE 18-MHZ WARC hand, based on belief that 
the U.S. government is no longer using that band. Unfortunately, the League’s information 
wasn’t accurate, so don't expect any favorable action on 18 MHz soon. 

NEW EIA OPPOSITION TO THE COMMUNICATIONS PRIVACY ACT HAS RAISED HOPES that the bill may not 
make it through the Senate in its present form after all! In a well-thought out and strongly 
worded letter sent to all U.S. Senators, the Mobile Communications Divison of the Electronic 
Industries Association cited a number of reasons for opposing S-1667. For example, with 
respect to radio communications, the letter says "...it is not reasonable to attempt to 
legislate privacy..." so that the bill would, in effect, "...instill a false expectation of 
privacy!" The letter then points out that the bill is inconsistent with the Communications Act 
of 1934, which recognizes that a prohibition against intercepting radio communications is 
impractical but establishes severe sanctions against the misuse of intercepted information. It 
further notes the bill is in itself inconsistent, since it admits that cordless telephone 
transmissions are easily intercepted — so can’t be protected -- but provides unqualified 
protection to cellular transmissions! "This discrimination," the letter continues, "certainly 
cannot be rationalized on a technical basis.... There is no justification for this legislation 
to treat one mode of radio communications differently from others!" Another point: "There can 
be no true expectation of privacy with radio communications unless the message is encrypted 
(scrambled)." It concludes, "The nature of radio communications cannot be changed by 
legislation..." but concedes that the problems cited could be changed by amendment. 

Support For The Latter Is Far From Unanimous Within The EIA . and at least one land mobile 
manufacturer has sent key senators a followup letter stating its opposition to the EIA 
position. Nevertheless, the EIA makes valid points, and the letter’s arrival appears to have 
seriously compromised the bill’s hopes of the bill’s supporters for quick Senate passage. 

Senators to register support for the EIA Mobile Communications Division letter. 

"CAPTAIN MIDNIGHT," WHO BROKE IN ON AN HBO MOVIE IN APRIL to object to scrambling of 
satellite TV, has been caught. He’s John Mac Dougall, a 25-year-old satellite TV dealer and a 
part-time operator for an Ocala, Florida uplink station. Unfortunately, he’s also KA4WJA, so 
some news reporters have also been condemning Amateur Radio along with Mac Dougall! In a 
plea-bargaining agreement he’s been fined $5000 and sentenced to one year’s probation with his 
Technician Class license suspended for a year. 
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happy endings 

Dear HR: 

I've been meaning to write for some 
time now to let you know of the re¬ 
sponse to my letter published in the Oc¬ 
tober, 1985, issue of ham radio. I started 
a letter several times, but didn't know 
exactly what I wanted to say, A simple 
“thank you" wasn't quite enough, 

I received many nice cards and letters 
and have made many new friends. The 
greatest surprise came late one evening 
when I received a call from a represen¬ 
tative of ICOM America who reported 
seeing my letter and asked whether I 
would be interested in an ICOM trans¬ 
ceiver. Then she asked the question that 
left me speechless: if I had a choice of 
any ICOM radio, which would I choose? 
"A 751," I replied. When she told me 
one would be shipped the following 
day, I honestly didn't believe it. I 
thought it was some kind of joke. 

When the UPS truck arrived with two 
large packages just two days later, I real¬ 
ized it was no joke, nor was it a dream. 

I opened the larger box and found a 
brand-new ICOM 751 complete with a 
factory-installed PS35 power supply, 
FL52A filter, voice synthesizer, hand 
mic, and all the power cables. WOW! In 
the other box was an ICOM 251 A, 2- 
meter, all-mode transceiver with all the 
accessories and an SM8 Duo Desk mi¬ 
crophone. Double WOWI 

Is this the end of the story? No, far 
from it. Many hams responded with 
other equipment and good wishes. I 
have tried and believe I have responded 
to each person who contacted me, but 
I'd still like to express my sincere and 
deep appreciation to everyone who as¬ 
sisted me in any way, whether it was 
with equipment or just a kind word of 
encouragement. 


And of course, mysincerest, heartfelt 
thanks go to those caring people at 
ICOM America. 

My dream, from the beginning, has 
been to provide phone patches for mis¬ 
sionaries in foreign countries. I'm on the 
air now and able to provide assistance 
in handling written traffic, but two more 
items are needed: a phone patch and an 
amplifier. God has truly blessed me in 
enabling me to become part of the fra¬ 
ternity of Amateur Radio. I hope that by 
providing phone patches I'll be able to 
give someone a small token of pleasure 
or service they might not otherwise have 
had. 

At32, Idon'tknowwhatatollMSwill 
take on me, but I can assure you it will 
have a good fight. Somehow I feel that 
the day I give up or give into the limita¬ 
tions — if there really are any — will be 
the day my dream ends. That day must 
not come; I must not let it. 

In the two years since I became dis¬ 
abled I've realized that I, like many, once 
found too many excuses for accepting 
limitations. But I've also disovered that 
a limitation is only an obstacle between 
you and your goal. If you can't go 
through it, then you'll just have to go 
around, under, or over it. The point is to 
reach your goal, any way you can ... 

John Statham, N5HTQ 
McComb, Mississippi 39648 

no problem! 

Dear HR: 

How often have you purchased an item 
that later developed a problem — and 
then found out that getting the item 
fixed was an even bigger problem? 

I bought a Mirage amplifier and was 
pleased with its performance. But one 
day, after a particularly long-winded 
QSO, the power amp in my B3016 2- 
meter amplifier quit in a puff of smoke, 
despite its good heat sink and an at¬ 
tached blower. 

I sent the unit, which was a couple of 
years old, back to Mirage for repair. 
Needless to say, I was surprised to 
have it returned promptly, with "NO 
CHARGE" marked on the invoice. I had 
expected a long exchange of purchase 
receipts, letters, charge card informa¬ 


tion, and the like. What a surprise to 
have a warranty repair done quickly and 
without a quibble! 

I use three Mirage amplifiers, two at 
home and one mobile, and have found 
them all to be well made and long- 
lasting, even in the 100 percent duty 
cycle of ATV operation. I would recom¬ 
mend Mirage to anyone who wants a 
quality product. 

Henry B. Ruh, KB9FO 
Chicago, Illinois 

narrowband filters 

Dear HR: 

Two versions of the program 
described in my March, 1986, article, 
"Build Narrowband RF Filters," are 
now available for computers other 
than those originally mentioned. 

Atari owners may contact Marion D. 
Kitchens, K4GOK, 2709 Colt Run 
Road, Oakton, Virginia 22124. Marion 
will provide a copy (on disk). Owners 
of the Timex 1000 can contact Rudy 
Knaack, W7FGQ, 11415-28th S.W., 
Seattle, Washington 98146. Rudy will 
provide a listing for an SASE, or will 
copy the program on cassette tape for 
$5. 

I might add that both versions im¬ 
prove on my method of calculating 
Chebychev order and save program 
lines. 

The ultimate line-saving version of 
the program comes from Ken String- 
ham, AE1X, who uses the equations 
that derive k and q values that I en¬ 
tered in table form (lines 1000-1500). 
Although Ken didn't mention that he'd 
provide listings or copies, he did send 
me a copy. Someone interested in 
adapting the program to another 
machine might be interested in getting 
this listing (written in C-64 BASIC) 
from me. 

I have had inquiries from owners of 
the IBM PC (and clones), but as yet 
have no information for them. If any¬ 
one is working on translating my pro¬ 
gram to any other machine, I'd appre¬ 
ciate knowing. I'll act as a "clearing 
house" for information about the pro¬ 
gram and sources. 

Bob Lombardi, WB4EHS 
Melbourne, Florida 32935 
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Ground and aerial views of two element 80m delta loop array supported by 46' boom at IIS'. 


analyzing 80 -meter 
delta loop arrays 


NEC program 
assesses performance 
in the presence of 
“real” ground 


During the early part of 1985,1 finally managed to 
complete the installation of a "gain" antenna for the 
80 meter band: a reflector-driver parasitic array with two 
equilateral triangular loop elements. Later in the year, I 
realized another ambition: the ability to analyze H F wire 
antennas over real ground with a trustworthy computer 
program. In this article, which describes the results of 
applying that capability to the analysis of my newanten 
na system, I'll show the behavior, over poor ground, of 
the peak gain and "average" froni-to-back ratio across 
the band, along with a number of radiation patterns. I'll 
describe the antenna system itself in just enough detail 
to define the item under study. 

Of course, the first question one always asks about 
any project is "How can I make it better?" Toward this 
end. I’ll show, at a single frequency, theperformanceob 
tainable with a number of more-or-less feasible varia¬ 
tions on the existing design, including the following: 

• alternative feedpoints; 

• higher boom; 

• closer element spacing; 


• both elements driven; and 

• square loops. 

I'll also discuss a fewother "gain” parasitic antenna sys¬ 
tems, including pairs of dipoles and inverted vees, and 
the half-wave sloper. Finally, I'll show the effect of a less 
convenient option — relocating to the seacoast — that 
provides the best results of all. 

As suggested above, this isn’t a construction article. 
Neither is it intended to present a design procedure. Even 
with the power available in current microcomputers, the 
number of trials required to find an "optimum” design 
is prohibitive unless one narrows the scope at the out¬ 
set. This is the purpose of this article: to provide data on 
which to base an informed selection of basic design 
choices. 

the antenna 

After years of careful deliberation li.e., procrastina¬ 
tion), I ultimately decided to build a system very similar 
to the W2PV array that I discussed in a previous article.’ 
The two identical equilateral loops are supported, apex 
up, by a 46-foot boom at the 115-foot level on a 120-foot 
guyed tower. The loop’s circumference is 264 feet (88 
feet per side). I used No. 10 AWG copper wire, primari¬ 
ly because it was already "in stock.” 

Figure 1. a diagram of the configuration, shows the 
coordinate system that I'll use in defining radiation pat¬ 
terns. The x axis is parallel to the boom from the reflec- 

By Bill Myers, K1GQ, Box 501, Hollis, New Hamp¬ 
shire 03049. 
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tor end toward the driven element. The y axis 
lies in theground plane and in the plane of the loops, and 
the z axis is positive upward. 

The two loops are configured as a reflector plus driv¬ 
er parasitic array by adding a 4 coil in series with the 
reflector element. An additional 12 /tH is connected in 
series with each loop to switch the center frequency 
from 3.8 to 3.5 M Hz. The necessary switching is accom¬ 
plished using relays in a small box at each loop apex. 

Equal lengths of RG-11A/U connect these boxes to 
a third relay box at the center of the boom. I use chokes 
(patterned after theW2DU balun 2 ) at these feedpoints 
to reduce currents on the outside of the feedlines. The 
central switchbox selects either or both loops to be con¬ 
nected to the main transmission line, which is 75-ohm 
CATV cable. 

On 80 meters, transmission line losses are very small, 
even when the line is operated at high SWR (i.e., mis¬ 
matched at the antenna). For simplicity, I decided not 
to attempt any matching at the antenna. Instead I use 
lumped-reactance networks at the station end, with ad¬ 
ditional relays to select different networks so that I can 
instantly switch between matched parasitic or driven 
configurations. 





OB / 

fig. 2. Elevation radiation pattern at3.8 MHz. Peak gain is 

8.69 dBi at 36.5 degrees. Front to back averaged over 25 to 

75 degrees (see text) is 11.49 dB. The x and z axes are illus 

trated in fig. 1. 



the computer program 

I'm fortunate to have access to the resources need¬ 
ed to run the complete Numerical Electromagnetics 
Code (NEC). 3 This program is ideally suited to analyzing 
the performance of wire antennas up to a few wave- 
lengthsin size, with arbitrary shapesand excitations, in 
the presence of "real" ground. For those familiar with 
the method of moments, I modeled the six straight wires 
that make up the two-element array with 11 segments 
each. Excitation was applied at the centers of the two 
segments surrounding the apex, since the NEC models 
sources at the segment centers rather than at the seg¬ 
ment junctions. The ground characteristics were dielec¬ 
tric constant, 4, and conductivity, 0.001 S/m, the usual 
valuesfor poor ground such as the rocky, hilly terrain be¬ 
hind my house. 

radiation patterns 

The NEC program produces an enormous listing of 
numbers that's difficult to fully assimilate. Fortunately, 
I've succeeded in compressing much of the information, 
without too much agony, into a more visual format — 
namely, polar radiation pattern plots. It's important to 
understand these plots well, so I'll explain an example 
of each of the two types of pattern charts in some detail. 

Figure 2 shows the chart I'll refer to as the elevation 
pattern. The thick curve on the inside of the grid is the 
ratio (in dB) of the total radiation intensity, in the direc¬ 
tion defined by the angular coordinate of the chart, to 
the radiation intensity that would be obtained if the an¬ 
tenna input power were uniformly distributed over a 
sphere. Most folks simply call this ratio "gain relative to 
isotropic," with the notation "dBi" when the ratio is ex¬ 
pressed in decibels. The angular coordinate for this chart 
is measured in the vertical plane containing the boom; 
that is, the xz plane shown in fig. 1. The grid interval on 
the chart is 15 degrees, although the resolution for pat¬ 
tern data points is one degree. 
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The outermost radial of the elevation pattern grid cor¬ 
responds to zero dB, relative to the peak gain in the xz 
plane. The value of peak gain is noted in each figure cap¬ 
tion. This normalization creates good detail in the pat¬ 
tern characteristics. Notice also that the radial coordin¬ 
ate is non-uniform, as was first recommended by K1TD 4 . 
My charts are drawn with the scaling: 

radius = 10 G/4 ° 

where G is the normalized gain in dB. This scaling ex¬ 
pands variations near zero dB so that the 3-dB beam- 
width is easy to identify, without compressing variations 
in the sidelobe regions excessively. 

The second type of radiation pattern plot is the azi¬ 
muth pattern, as illustrated by fig. 3. Here the angular 
coordinate is measured in the horizontal plane - the xy 
plane of fig. 1. Althoughthe elevation chart shows only 
the above-ground hemisphere, the azimuth chart must 
show a full circle toallow for possible asymmetries in the 
radiation pattern (for example, those caused by feeding 
the loop array at one of the lower corners). 

Each azimuth pattern corresponds to a particular val¬ 
ue of the elevation angle. The obvious choice for the ele¬ 
vation angle is that corresponding to the peak gain on 
the elevation chart. This angle is 36.5degrees at 3.8 MHz 
for my delta loop array, but it varies from case to case. 
In order to reduce the number of computer runs, I used 
36 degrees for the elevation angle in all azimuth charts 
presented in this article. 

Most readers will have encountered the terms "H- 
plane" and "E-plane” in connection with radiation pat¬ 
terns. I'm avoiding these terms because their definition 
is more likely to cause confusion than illumination. Also, 
I've deliberately omitted labels for the angular coor¬ 
dinates in the radiation pattern charts because the stan¬ 
dard coordinate system (asdefined by the IEEE 5 ) is coun¬ 
ter-intuitive for those of us who grew up in an azimuth- 
elevation world. 

peak gain 

The peak gain of an antenna system is the value of the 
gain in the direction of its maximum value. For most of 
the results discussed here, the direction of the maximum 
occurs in the vertical plane containing the boom. Thus, 
unless otherwise noted, the values quoted for peak gain 
are to be understood as the peak in the xz plane. 

It is not my intent, in this article, to provide an exhaus¬ 
tive discussion of peak gains. There are two reasons for 
this. First, the number of interesting cases is overwhelm¬ 
ing when one considers the range of applicable heights, 
frequencies, and ground characteristics in addition to 
the enormous variety of antenna designs. Second, there 
are many well-established myths that must be systemat¬ 
ically dealt with in any such undertaking; doing so would 
expand the scope of thisarticlesubstantially. Thus, the 
gains presented herein should not be extrapolated be¬ 
yond the conclusions stated below. 




average front-to-back ratio 

The concept of front-to-back ratio needs some elabo¬ 
ration to provide a useful measure of 80-meter antenna 
performance. As suggested by fig. 2, the elevation pat¬ 
tern can exhibit deep nulls at selected elevation angles, 
while showing large lobes at other angles off the back. 
Thus, the ratio of forward gain at a specified elevation 
angle to the backward gain at the same angle can vary 
dramatically for different elevation angles. 

On the 80-meter band, all of the elevation angles are 
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significant, from the extremely low angles needed for 
very long DX paths to the nearly straight-up angles re¬ 
quired for accepting (or rejecting) local signals. As far 
as I can determine, the question of which angles are 
most important, say for the path from New England to 
Western Europe, remains unanswered. G6XN 6 claims 
that the only valid rule is "the lower the better." There 
seems to be ample evidence to the contrary, however. 
For example, many DXers in the Northeast have observ¬ 
ed that high-angle antennas often perform better than 
low-angle antennas when the band first opens toward 
Europe in the evening. (The same observation applies 
to both 40 and 160 meters, as well.) In any case, 80-meter 
antenna systems with poor gain near the horizon (such 
as the delta loop array described here) are good overall 
performers, suggesting that angles in, perhaps, the 20- 
to 50-degree region are indeed useful for medium-range 
DXing. 

In assessing the radiation pattern, we're usually in¬ 
terested in the ability of the antenna system to reject 
strong signals coming from the backward direction, 
which are most likely to arrive at relatively high elevation 
angles (the lower angles corresponding to longer paths 
and thus to weaker signals). Thus, I've chosen to display 
the ratio of the peak forward radiation intensity to the 
backward radiation intensity averaged over the elevation 
angles from 25 to 75 degrees. This power ratio is present¬ 
ed in the customary dB .I'll abbreviate this performance 
characteristic as "averaged f/b," rather than "peak for¬ 
ward powerto backward power averaged over25to75 
degrees in the xz-plane." I believe this quantity is a more 
useful indicator of 80-meter antenna performance than 
the customary f/b ratio; furthermore, the values pre¬ 
sented below seem to agree well with on-the-air obser¬ 
vations. 

impedance 

Knowledge of the antenna input impedance is useful 


Table 1. Phone mode elevation patterns vs. frequency. 


Frequency 

Peak Gain 

Angle 

Average F/B 

(MHz) 

IdBil 

(deg) 

(dB) 

3.65 

7.44* 

38.0 

-5 35 

3.7 

7.62* 

36.0 

-3.69 

3.75 

7.66 

34.5 

2.41 

3.775 

8.48 

35.5 

6.73 

3.8 

8.68 

36.5 

11.49 

3.825 

8.54 

37.5 

14.33 

3.85 

8.27 

38.0 

12.94 

3.875 

7.99 

38.5 

10.73 

3.9 

7.73 

38.5 

9.04 

3.95 

7.30 

39.5 

6.86 


*ln the backward direction 



for two reasons. First, one can design a matching net¬ 
work to transform the input impedance to the charac¬ 
teristic impedance of the transmission line, thereby 
minimizing line losses due to mismatch. Second, the 
NEC calculation of gain requires an accurate value for 
the input impedance (in order to determine input power). 

The fidelity of the NEC input impedance computation 
is affected by the number of segments specified for the 
antenna model. More segments improve the impedance 
result (up to the onset of numerical difficulties), but also 
increase the run time dramatically. However, if the seg¬ 
ment length is held constant from case to case, then the 
relative results can be trusted even though the absolute 
values may be suspect. In all of the cases presented here, 
the number of segments per straight wire section was 
selected to yield approximately the same physical seg¬ 
ment length (8 feet). 

performance 

Figure 4 shows the computed performance versus 
frequency for my two-element array. The phone-mode 
peak gain reaches its maximum (8.68 dBi) right at the de- 
sign frequency, 3.8 MHz. The peak in the average f/b 
is about 25 kHz higher. The CW-mode gain reaches its 
maximum just above 3.5 MHz, and the offset to the f/b 
peak is also about 25 kHz. The overall response appears 
slightly narrower for the CW mode, as should be expect¬ 
ed for loaded loops, but the difference in bandwidth be¬ 
tween modes is unimportant. The maximum CW peak 
gain (8.40 dBi at3.525 MHz) is slightly below the phone 
mode maximum. 

The gain and f/b peaks can be aligned at the same fre¬ 
quency by at least two methods. The reflector loading 
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inductance can be varied. Or one can simply redefine the 
range of angles over which the average is computed. 
The point here is that the 25-kHz offset is a silly amount 
to worry about. 

A more significant result is the pattern reversal just be- 
low3.75 MHz. Negative f/b ratio means that the direc¬ 
tion of the peak gain is toward the reflector. This occurs 
because the parasitic element is electrically too short to 
act like a reflector. The potential for disaster caused by 
too-short loops is obvious; if I ever rebuild the loops I will 
probably increase the circumference 4 feet to move the 
design frequency down about 50 kHz. 

Figure 5, a series of elevation radiation pattern plots 
at a number of frequencies surrounding the design fre¬ 
quency, shows the pattern reversal quite nicely (see also 
table 1). Note that the elevation angle of the main lobe 
is nearly the same at every frequency, increasing uni¬ 
formly from 34.5 degrees at 3.7 MHz to 38.5 degrees at 
3.9 MHz. If we define the effective height of an anten¬ 
na system as the height of a horizontal half-wave dipole, 
above perfect ground, which yields the same elevation 
for the first lobe of the ground reflection pattern, then: 


Table 2. CW-mode elevation patterns vs. frequency. 


Frequency 

Peak Gain 

Angle 

Average F/B 

(MHz) 

(dBi) 

(deg) 

IdB) 

3.475 

6.67 

34.5 

0,38 

3.5 

8.28 

36.5 

7.14 

3.525 

8.40 

39.0 

14.31 

3.55 

8.01 

40.5 

12.42 

3.595 

7.57 

41.5 

9.16 

3.6 

7.21 

42.0 

7.21 


h e = \/(4sind) 

where 6 is the elevation angle. The effective height for 
the parasitic array (at 3.8 MHz) is 0.42X, or 109 feet. 
Thus, even though most of theantenna structure is well 
below the effective height, the array still yields a relative¬ 
ly low angle for the main lobe. 

This rather surprising result comes about because of 
the supression of higher angle radiation by the array f ree- 
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space directivity. If the directions for the peak gains of 
the free-space pattern and the ground reflection pattern 
were aligned, we could expect gain in the neighborhood 
of 13 dBi (7 dBi from the array and 6 dB from the reflec¬ 
tion). The actual peak gain is lower partly because the 
lobes are not aligned (the free-space array peak is on the 
horizon, where the ground reflection pattern has a null) 
and partly because the reflection isn't perfect. 

The input impedances calculated by NEC for the delta 
loop array are plotted in fig. 6. The phone mode system 
is resonant near 3.815 MHz, with the resistive compo¬ 
nent equal to about 80 ohms. The C W mode resonance 
is about 3.535 MHz, at 65 ohms. These results don't 
correlate with SWR measurements orwith admittance 
measurements at the transmission line input. This isn't 
too surprising, however, because the antenna model I 
provided as input to NEC isn't especially realistic in de¬ 
tails that can influence impedance, such as adjacent 
towers and uneven terrain. 

Figure 7 shows the CW mode elevation patterns for 
frequencies at the bottom of the band (seealsotable2). 
The elevation anglesfor the gain peaksare slightly higher 
than for phone mode, but not enough to be of concern. 
The best pattern occurs a bit high in the band for an in¬ 
veterate DXer, but I've found on-the-air performance to 
be excellent at the very bottom of the band. 

In fact, in practice the apparent f/b ratio has been 
generally consistent with that indicated by the perfor¬ 
mance calculations. On both modes, S5 stations in 
Europe disappear into the band noise when the array 


direction is switched. Louder Europeans decrease in sig¬ 
nal strength about 2 to 3 S-units, while US stations come 
up by the same amount. My receiver is a TS-930; I've 
checked the S-meter calibration and found it to be about 
5 dB per S-unit. The array shows essentially no f/b at 
3.75 MHz and is definitely backward (in the phone mode) 
at 3.7 MHz. 

I currently have two other 80-meter antennas, a dipole 
at 120 feet parallel to the array boom, and a full-size 
quarter-wave vertical with 12 radials. Neither of these an¬ 
tennas should work well in the directions favored by the 
delta loop array. .. and they don't. On the other hand, 
the dipole is better to the Caribbean, South America, and 
Japan. While the loops do exhibit some rejection "off 
the side," it's not as much as the dipole exhibits off its 
ends. Overall, I'm quite pleased with the agreement be¬ 
tween the theoretical results and actual performance, 
especially considering that the terrain surrounding my 
antenna system is far from planar. 

bottom and corner feed 

My loops are fed at the top. Full-wave loops can be fed 
anywhere on the circumference with no appreciable 
change in the input impedance or in the free space direc¬ 
tivity. However, the selection of the feedpoint has a 
potentially devastating effect over real ground. Two in¬ 
teresting alternative feedpoints are at the center of the 
horizontal bottom side and at either of the two corners. 
The elevation patterns for these two cases, at 3.8 M Hz, 
are shown in fig. 8. The bottom-fed pattern is indistin¬ 
guishable from the top-fed pattern (the dashed curve) 
and the peak gains are nearly the same: 8.80 dBi versus 
8.68 dBi, respectively. (This small difference may well 
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be due to modeling errors that lead to small input imped¬ 
ance errors and thus to peak gain errors.) The corner-fed 
pattern, on the other hand, is clearly inferior in the back¬ 
ward direction; furthermore, the peak gain is dramati¬ 
cally reduced to 5.48 dBi. The corner-fed azimuth 
pattern (fig. 9) shows that the pattern is skewed and the 
side null is filled in on the side of the boom correspond¬ 
ing to the driven corner. 

The explanation for the inferior performance of the 
corner-fed arrangement is simple. The amplitude of the 
reflection coefficient for poor ground is much lower for 
vertical polarization than for horizontal polarization. 
Thus, the "gain" produced by ground reflection is 
smaller for vertically-polarized radiated fields. The cor¬ 
ner feed produces a substantial vertically-polarized com¬ 
ponent in the total field, whereas the top and bottom 
feeds produce entirely horizontal polarization, so the 
corner feed has less gain (see Appendix for additional 
discussion). 

increased height 

Another feasible modification to my delta loop array 
would be to raise the antenna. Since I guy my towers ev¬ 
ery 30 feet, the next "natural" boom height above 115 
feet is 145 feet. Figures lOand 11 show the elevation and 
azimuth patterns at 3.8 M Hz for this configuration. In¬ 
terestingly, while the depth of the rearward null is in¬ 
creased, the magnitude of the rearward lobe is also 
increased and the average f/b is almost unchanged. The 
peak gain is quite a bit higher, up 1.29 dB to9.97 dBi, and 
the elevation angle at the peak is 6 degrees lower, at 30.5 
degrees. The change in the angle is not too important, 
but the potential for increased gain, which is rather hard 
to come by, may be worth the challenge of construct¬ 
ing and maintaining a 150-foot tower. 

closer spacing 

I chose an unusually wide spacing for my array be¬ 
cause I guessed that the increase in radiation resistance 
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with increased spacing would partially offset the relative¬ 
ly lower value created by proximity toground. Also, I ex¬ 
pected that the bandwidth would be somewhat better 
at the larger spacing. Because the array is parasitic rather 
than driven, performance isn't terribly sensitive to spac¬ 
ing. Although I haven't verified all of these conjectures, 
I did exa mine performance for spacing redu ced from 46 
feet to32.4feetat\/8(3.8MHz). The elevation pattern 
shown in fig. 12 has nearly the same peak gain (8.70 ver¬ 
sus 8.68 dBi) at the same elevation angle, but the back¬ 
ward pattern is significantly better. The input resistance 
drops 19 ohms while the input reactance increases 15 
ohms. 


both loops driven 

As mentioned earlier, I designed the remotely con¬ 
trolled switches so that I could drive both loops togeth¬ 
er if I chose to. The feedpoint boxes are identical, and 
installed facing each other, so paralleling the feedlines 
at the center of the boom results in exactly out-of-phase 
drives to the two loops (with the feedlines from boom 
center to loop apex being equal in length), 

A two-element array driven with 180-degree phase 
shift produces an end-fire pattern that's independent of 
spacing over a reasonable range near X/8. The elevation 
pattern has a very deep null straight up, as seen in fig. 
13.1 thought this null might produce good effective f/b 
when listening to Europeans, assuming that signals from 
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fig. 17. Azimuth pattern at 3.8 MHz for dipole elements. 

Patterns for inverted vee elements are virtually the same. 


close-in W's would arrive at high elevation angles. How¬ 
ever, in practice I found that the pattern of the parasitic 
array (fig. 2) rejected local signals better than the driv¬ 
en array. 

The calculated peak gain for the driven array is 7.05 
dBi. This is significantly below the gain of the parasitic 
array. Furthermore, the input resistance is much lower, 
so that the effect of losses in the CW loading coils be¬ 
comes more significant (however, these coils aren't re¬ 
quired for a driven array). I found that signals from 
Europe were never better with the driven arrangement, 
and occasionally were noticeably worse (note that 1.5 
dB is generally not measurable except with laboratory 
instrumentation). I've abandoned this setup. 

square loops 

The mechanical challenges inherent in constructing 
an array of square loops in place of delta loops are severe 
but not outrageous. According to G6XN 6 , we can't ex¬ 
pect that the change in the shape of the elements will 
yield any appreciable change in gain, butthe pattern may 
be improved (i.e., the side lobes can be decreased) with 
increased mutual coupling. Changing to square loops 
with the top horizontal side at the same height as the 
apex of the delta loops raises the effective height, which 
will increase peak gain and decrease the elevation angle 
at the gain peak. 

These conclusions are supported by the results. The 
peak gain for the elevation pattern shown in fig. 14 is 
9.71 dBi,about 1 dB higher than the delta looparray.The 
elevation angle at the peak is 5 degrees lower, at 31.5 



fig. 18. Elevation pattern at 3.8 MHz for a halfwave sloper 
plus 120 foot grounded tower. Peak gain is 1.56 dBi at 28.5 
degrees and average F/ B is 11.12 dB. Peak gain without the 
tower is 0.81 dBi at 31.5 degrees. 
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degrees. And the pattern is outstanding; theaveragef/'b 
for this case is 16.5 d B! The azimuth pattern is shown in 
fig. 15; this pattern is also excellent. 

half-wave elements 

Erecting closed one-wavelength loops on a guyed 
tower can be a major hassle when there are trees within 
shouting distance of the tower. (Bytheway, I have am¬ 
ple experimental evidence that shouting at trees in hope 
of convincing them to release captured wires is ineffec¬ 
tive. ) Because half-wave elements are much simpler to 
handle, I examined the performance of three two- 
element parasitic arrays with: 

• horizontal half-wave elements at 115 feet; 

• inverted-vee half-wave elements from 115feet, with 

120-degree apex angle; and 

• inverted vee elements with 90-degree apex angle. 

Figure 16 shows the elevation pattern charts for these 

three cases. There's a tendency for the pattern null to 
fill in as the apex angle decreases. However, even the 
horizontal dipole array pattern is inferior to the delta loop 
pattern (fig. 21. It may be possibleto "tune up" the pat¬ 
tern by changing the element spacing and the loading 
inductance for the reflector, but I haven't attempted this 
analysis. The azimuth pattern for the horizontal dipole 
case is given inf ig. 17; the patterns for the two inverted 
vee cases are almost the same. 

On the other hand, the peak gains are competitive 
with the delta loop array: 9.26, 8.54, and 8.04 dBi, 
respectively, versus 8.68 d Bi for the loops. It appears that 
the inverted vee array with wires as flat as possible isa 
good substitute for the delta loops as far as gain is con¬ 
cerned. 

the half-wave sloper 

My previous 80-meter antenna system was a set of 
four half-wave slopers, slanting about 30 degrees from 
the vertical. Unfortunately, I had to dismantle this sys¬ 
tem before thedelta loop array was operational, so I have 
no on-the-air comparison of the delta loops versus the 
slopers. 

Figure 18 illustrates the elevation pattern for a single 
half-wave sloper (slanted 30 degrees from vertical), in 
the presence of a 120-foot tower grounded at its base. 
The backward rejection is rather good — the average f/b 
is 11.1 dB. Thecorresponding azimuth pattern is includ¬ 
ed in fig. 19, even though it's unremarkable. 

Now for the bad news: the peak gain (at28.5degrees) 
isa paltry 1.56dBi. Compare this with a simple inverted 
vee from 120feetwith 120-degree apexangle, which ex¬ 
hibits a peak gain of 6.18 dBi at 31 degrees. Once again, 
the source of this inferior performance is polarization. 
The field in the plane containing the sloper and the tower 
is entirely vertically polarized, which is disastrous over 
poor ground (see Appendix). In fact, the peak gain of the 
sloper over poor ground is /ess than the same antenna 




in free space (2.16 dBi). One possible explanation might 
be that the proximity to ground distorts the nominally- 
sinusoidal current distribution on the sloper so badly that 
the directivity is degraded. However, examination of the 
NEC printout for this case shows that the current is sym¬ 
metrical about the feedpoint (the center) within a few 
percent in amplitude and within 1 degree in phase. Thus, 
the degradation must be due to destructive interference 
between the (attenuated) reflected field and the direct 
field. 

Clearly, the sloper — like the corner-fed loop — is a 
poor choice for a transmitting antenna at sites with poor 
ground characteristics. I'm planning to reinstall one of 
my slopers to verify whether or not this computed 7-dB 
disadvantage appears in practice. 

performance over good ground 

I've disparaged the performance of vertically- 
polarized antennas over poor ground, but the fact is that 
poor ground degrades the performance of any type of 
antenna for 80 meters at other than grazing angles. 
Figures 20 and 21 show the radiation patterns for my 
delta loop array when moved to an island surrounded by 
salt water. The pattern nulls are filled in somewhat and 
the elevation angle for peak gain is increased to 42 
degrees. However, the peak gain is considerably in¬ 
creased, by nearly 2dB, to 10.47 dBi. This figure prob¬ 
ably represents the maximum gain achievable with a 
two-element array of delta loops at 115 feet. 

summary 

I've presented polar plots, gains, and average f/b data 
fora number of 80 meter antennas. Table 1 collects all 
of the results in one place and includes the input im¬ 
pedances computed by NEC. These latter data are not 
reliable because I did not follow the procedures needed 
to confirm that enough segments were provided to as¬ 
sure that this calculation had "converged" to the true 
value. However, all cases were run with comparable seg¬ 
ment lengths, so the trends in impedance should be 
representative of the true behavior. 

The significant column in table 3 is the peak gain; it's 
possible that the average f/b for any of the variations 
could be tweaked somewhat by modifyiing the reflec¬ 
tor's resonant frequency and the element spacing. 

The primary conclusions of this study of 80-meter an¬ 
tennas over poor ground are: 

• The delta loop array provides enough gain to be worth 
the effort, along with truly useful f/b ratios, even 
though the boom height is too low by conventional 
wisdom. 

• Raising the boom 30 feet would add about 1.3dB of 
gain at a slightly lower elevation angle. 

• Changing from delta loops to square loops would in¬ 
crease gain about 1.0 dB and would improve the 
pattern. 
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well as the future of technology 

The detense community we serve demands absolute excellence 
in advanced engineering solutions. Thai ’s why we 're looking tor 
the best-engineers like you-to supply it 

We have immediate and on going requirements for the follow 
mg, top -level professionals; 
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All positions require a BSEE or BSME and U.S. Citizenship. 

An advanced degree is highly desirable 

ISC Defense Systems, Inc. is located in Lancaster, PA where the 
quality of hie adds to our environment lor success. Situated in 
the heart of the famed Pennsylvania Dutch country, Lancaster 
features affordable housing, excellent schools, numerous col 
leges and universities, plus a tranquil lifestyle. Ma/or cities such 
as Philadelphia, New York, Washington, and Baltimore are all 
less than 2'b hours away. 


• Group Leader—VHF/UHF/ 

MICROWAVE 

• Staff Level—COMMUNICATIONS/ 

JAMMING SYSTEMS 

• Project Engineers—RADAR DESIGN 

• Sr. RF Engineer—RADAR & 

COMMUNICATIONS 

• Sr. Analog Engineer—DESIGN & 

ANALYSIS 

• Assoc. Engineer—RF SYSTEMS 


In addition to competitive salaries, and relocation allowances, 
we oiler benefits that include tuition assistance, an on-site Mas¬ 
ter's Degree program, a 401 (k) Plan, and an employee fitness 
center as well as fully paid insurance, vacations, and holidays 

Please send resume to: William Van Anglen, 
Manager of Professional Resources, 

Dept. HRM, ISC Defense Systems, Inc., 

3725 Electronics Way, P.O. Box 3025, 
Lancaster, PA 17604-3025. 

An Equal Opportunity Employer. 
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Table 3. Summary ol Antenna Cases. 


Description 

Peak 

Elevation 

Average 

Input 


Gain 

Angle 

f/b 

Impedence 


IdBi) 

(deg) 

IdB) 

(ohms) 

GQ Delta Loop Array 

8.68 

36.5 

11.5 

69.2 

115.3 

GQ at 3.5 MHz 

8.28 

36.5 

7.1 

37.0 

j51.3 

GG bottom led 

8.80 

36.0 

11.5 

129.2 

j23.6 

GQ corner led 

5.48 

33 0 

7 8 

71.4 

|57.3 

GQ 30' higher 

9.97 

30 5 

11.1 

80.1 

j12 0 

GQ on 32.4' boom 

8.70 

36.5 

16.1 

50.2 

j 0 0 

GQ over sail water 

10.47 

42 0 

11.3 

55.5 

j 11.5 

GQ with square loops 

9.71 

31.5 

16 5 

119.5 

i /41.0 

GQ with both driven 

7.05 

33.0 

0.0 

25.2 

j44.3 

Two dipoles 

9.26 

28.5 

6.9 

78.2 

t j20.1 

120 deg Inverted vees 

8.54 

31.0 

6.6 

64 6 

i j 5.2 

90 deg Inverted vees 

8.04 

32 0 

6.5 

45.8 

j21.3 

Sloper & tower 

1.56 

28.5 

11.1 

103.1 

t (22.3 


• Moving the feedpoint to the bottom center would have essentially no effect; mov¬ 
ing it to a corner would be disastrous. 

• Shortening the boom to X/8 would lower the radiation resistance and improve 
the pattern somewhat, but would not change the gain. 

• Replacing the loops with dipoles or flat inverted vees would not affect gain very 
much, but the pattern would be degraded. 

• My half-wave sloper system should not have worked. 

• I should retire to an island off the coast of Maine. 
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appendix 

ground reflection amplitudes 

The effects of real ground on Amateur antenna installations have been reported many times, so 
I don’t propose to reiterate those analyses. However, I did develop an unusual polar plot which helps 
in clarifying some of those effects. To understand the chart, a hit ol prefatory explanation is needed. 

The presence of ground is modeled by constructing a reflected field that is vectoiially summed 
with the direct field of the antenna. The reflected field from a given point on the ground is propor¬ 
tional to the field incident from the antenna; the proportionality constant is called the reflection coef 
ficient. The reflection coefficient depends on polarization of the incident waive and on the angle of 
incidence, as well as the characteristics ol the ground (which depend on frequency). This rather 
complicated modeling problem is simplified somewhat by decomposing the incident field into horizontal 
(parallel to the ground) and vertical (in a plane normal to the ground) components and applying separate 
horizontal and vertical reflection coefficients. Expressions lor these coefficients are given in many 
texts; for example, Chapter 4 of Ma's Theory and Application ot Antenna Arrays / 

The two reflection coefficients are complex numbers; that is, the reflected field components are 
modified in both amplitude and phase. The effect of phase shifts is a modification of the positions 
of peaks and nulls in the final pattern, which is developed by constructive rind destructive recombina 
lions of the incident and reflected fields. The effect ol amplitude modification is to change the 
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So before buying any meter, look beyond the 
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the deluxe $139 Fluke 77, In the long run, they'll 
cost less, and give higher performance, loo. 
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KPA5 1 WATT70 CM ATVTRANSMITTER BOARD 

• APPLICATIONS: Cordless portable TV camera lor races J4 olhor public service 
events, remote VCR, etc Remote control ol R/C airplanes or robots Show home 
video tapes, computer programs, repeal SSTV to local AJVors DX dopondn on 
antennas and terrain lyp I to 40 miles. 

• FULL COLOR VIOEO 8 SOUND on one small 3.25x4 board 

• RUNS ON EXTERNAL 13.8 VDC at 300 ma supply or bailor? 

• TUNED WITH ONE CRYSTAL on 426 25. 434 0. or 439 25 mil? 

• 2 AU010 INPUTS lor a low 7 dynamic and lino level audio input found m most 
portable eoloi cameras. VCRs, or home computers 

• APPLICATION NOTES & schematic supplied lor typical external connections 
packaging, and system operation 

• PRICE ONLY SI59 delivered via UPS surface in the USA Technician class 
amateur license of higher n?t|uired tor purchase and operation 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? A IV set will a 

TVC-2 or TVC-4 420450 mH? to channel 3 downr.onvorter, 70cm antenna, and coax 
cable to receive. Package up the KPA5. add 12 lo 14 vdc. antenna, and anv IV 
camera VCR, or computer with n composite video output Simple. eh' ? 

CALL OR WRITE FOR OUR COMPLETE CATALOG & more into on Alv 
downconverters. antennas, cameras, etc. or who is on m your area 

TERMS: V<s«. Mastercard, or cash only UPS COO by Inluphmw* nr mail Tulephnitr* 
orders & postal MO usually shipped within 2 days, all other checks must clear before 
shipment Transmitting equipment sold only lo licensed amateurs verified m 1964 
Callbook. Calif include sales lax _ 

(818) 447-4565 m-f 8am-6pm pst. /C©| 

P.C. ELECTRONICS 2522 Paxson Lane 
Tom W60RG Maryann WB6YSS Arcadia CA 91006 


levuls ol the peaks and nulls. For example, if the reflected wave 
amplitude is one hall ol the incident wave, the combined Held will 
have peaks no greater lhan 1.5 limes the amplitude of the original 
Held I ) 3.52 dBl. The maximum combined Held with perfect reflec¬ 
tion is 2 times the original amplitude, or 6,02 dB, so 2.50 cJB of 
"potential” gain has been lost. 

The horizontal and vertical reflection coefficients are rather messy 
functions of angle ol incidence, dielectric constant, conductivity, 
and frequency. To illustrate the behavior of these parameters at 3.8 
MHz. I've plotted the reflection amplitude versus angle of incidence 
in the same format I used for the elevation patterns. That is, the 
radial coordinate represents the amplitude of the reflected radia¬ 
tion intensity (power) relative to the incident ladiation intensity, and 
the angular coordinate corresponds to the elevation angle (oi the 
incident field. Figure 22 shows this chart for poor ground, with di¬ 
electric constant 4 and conductivity 0.001 S/rn. The solid curve 
is the amplitude for the horizontal reflection coefficient and the 
dashed curve is for the vertical reflection coefficient. Note that both 
are unity (zero dB) for grazing angle incidence, and both are equal 
for normal incidence. The very pronounced null in ihe vertical reflec¬ 
tion coefficient amplitude shows graphically why vertical polariza¬ 
tion is inferior to horizontal polarization over poor ground, except 
at extremely low angles. (To be fair, it must be noted that at low 
antenna heights, vertical polarization is superior even though the 
amplitude ol the vertical coefficient is always less than that of the 
horizontal component This is because the phase shift for the hori¬ 
zontal polarization guarantees destructive recombination, whereas 
the recombination foi vertical polarization is constructive in the region 
above the null.) 

This situation changes dramatically over good ground. Figure 
23 shows the same chart for salt water, with dielectric constant equal 
to 80 and conductivity equal to 5 S m. Both coefficients are essen 
Hally unity for all angles of incidence, except for the narrow null 
near grazing incidence lor the vertical coefficient. The advantage 
of horizontal over vertical polarization does not occur in this en 
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efficiency. 

U.S. Patent No. 4,511.898 / 
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FT HIGH 
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\ • Higher power models available 
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NE5205 wideband RF amplifier 


Inexpensive 1C 
functions as 
small-signal amplifier 
to 600 MHz 

Simple, inexpensive, wideband RF amplifiers are 
always much-needed items when experimenting in RF 
and constructing RF projects. Because each project 
has its various unique requirements that must be satis¬ 
fied — minimum cost, low operating current, maxi¬ 
mum bandwidth, and high output power, for exam¬ 
ple — one can never have too many different 
configurations from which to choose. But the ideal 
amplifier that satisfies all potential needs has yet to 
be invented; consequently, a different approach or 
new design is always welcome. 

This brief article describes the construction of a rela¬ 
tively high-performance RF amplifier that uses a Sig- 
netics NE5205 wideband RF amplifier. The NE5205 1 
is an integrated wideband RF amplifier that serves as 
an excellent general-purpose RF gain block for appli¬ 
cations from a few Hertz to above 600 MHz. It pro¬ 
vides a non-inverting 20-dB gain and, although not an 
LNA, its typical 6-dB noise figure (50-ohm input) is 
quite good and should be adequate for many RF 
projects. 

The NE5205 is available in either a TO-46 metal pack¬ 
age or an eight-pin small-outline (SO) package. 
Although samples were distributed in the conventional 
eight-pin mini DIP ("N” package), that package isn't 
shown in the NE5205 literature and doesn't appear to 
be available from distributor stock. 

The SO package is a very inexpensive plastic unit 
with the same operating characteristics as the TO-46, 
A minor problem with the SO package, however, is 
size; it's about one-twentieth the volume of the more 


common eight-pin mini DIP. The leads, on 0.05-inch 
centers and bent at the ends in the form of small feet, 
are much too short to go through even a thin PC 
board. This is a surface-mount device (SMD) designed 
to be mounted on the trace side of the PC board or 
other substrate. The package is small, but it isn't dif¬ 
ficult to handle; you will, however, have to be quite 
careful and you may have to buy a small tip for your 
soldering iron. 

NE5205 features 

The functional schematic for the NE5205, shown in 
fig. 1, is considerably more complex than typical inte¬ 
grated wideband RF amplifier gain blocks. The small 
die size, offering low propagation delays and low para¬ 
sitic elements, in part give this component its good 
operational characteristics. A particularly useful fea¬ 
ture is the use of several different feedback loops to 
stabilize the gain and operating point and provide good 
input and output impedance matching. While this is 
too lengthy a topic to be covered here, the NE5205 
data sheet provides complete details. 1 

Don't try to build the circuit shown in fig. 1 from 
discrete components; such a construction might work 
to a few tens of megahertz, but in general its perfor¬ 
mance will be very poor at best. The success of this 
circuit design depends as much on the small die size 
and integrated construction as on the actual circuit 
configuration, in any event, it's much less expensive 
to use the NE5205 than to build a discrete version. 

In a minimum basic circuit, the NE5205 needs only 
three external components: input and output coup¬ 
ling capacitors and a supply bypass capacitor. Adding 
a few inexpensive components, however, results in a 
more versatile amplifier with much better tolerance for 
the abuse of experimenting than a minimum parts- 
count amplifier would offer. 

By Michael E. Gruchalla, 4816 Palo Duro NE, 
Albuquerque, New Mexico 87110 
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fig. 1. NE5205 functional diagram.' 

(Copyright 1985, Signetics Corporation used with permission.) 


amplifier circuit 

Figure 2 shows the schematic of the complete 
amplifier. The input diode, CR1, prevents reverse-bias 
damage to the input transistor of the NE5205. The 
input can generally tolerate short pulses of high for¬ 
ward bias since the input transistor is simply forward- 
biased. However, even short pulses of reverse (nega¬ 
tive) input bias as low as a few volts will avalanche 
the input emitter-base junction, totally destroying the 
part or seriously degrading its noise performance. 
When CR1 is included, it will conduct with a reverse 
input drive of about 1.4 volts, limiting the input level 
to the NE5205 to a safe value. This diode is reverse- 
biased at about 1 volt by the input potential of the 
NE5205. Since the maximum usable input of the 
NE5205 is about 80 mV peak ( - 12 dBm), the 1-volt 
reverse bias of CR1 prevents its conduction with nor¬ 
mal signals and helps reduce the diode capacitance 
to minimize loading of the input. CR1 is a Schottky 
diode with a faster response speed than the NE5205 
and it has minimum capacitance. If you can't find the 
1N5711 device specified for CR1, a 1N4148 or 1N914 


will work reasonably well; the high-frequency cutoff 
may be reduced, however. CR1 may simply be omit¬ 
ted, but the finished amplifier will then be quite sensi¬ 
tive to input damage. 

Resistors R1, R2, and R3 form a Pi pad to allow a 
little adjustment of the amplifier gain and input imped¬ 
ance. They also provide some additional input protec¬ 
tion. Similarly, R4, R5, and R6form an output pad for 
gain and output impedance adjustment. These two 
pads may be omitted for maximum gain, but I find that 
keeping about a 0.5-dB pad at each place provides bet¬ 
ter stability in general applications. The resistors should 
be a high-quality carbon composition type. Low-noise 
carbon film or metal film may be used if their high- 
frequency performance is adequate. 

The coupling capacitors. Cl and C2, must be dipped 
tantalums to minimize the physical size and provide 
good high-frequency performance. Don't try to use 
aluminum electrolytics; if you do, you're likely to end 
up with an oscillator. Capacitors C3 and C4 are sup¬ 
ply bypass capacitors. High-frequency bypassing is 
provided by C3, with C4 providing low-frequency 
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bypassing. The ferrite bead, FBI, prevents the lead 
inductance of C4 from forming a parallel resonance 
with C3. Here the bead is acting like a very lossy induc¬ 
tance that totally destroys the Q of the C3/C4 reso¬ 
nant circuit. Without the bead, the parallel resonant 
network formed by C3 and the leads of C4 will cause 
the effective power supply impedance to be high at 
the resonant frequency. This can cause an artifact in 
the frequency response and in some cases can cause 
instability (oscillation! due to coupling into the ampli¬ 
fier's internal circuitry through the power supply paths. 

Resistor R7 helps to decouple high frequencies from 
the power supply pin, improving stability with cas¬ 
caded amplifiers. With its associated components, 
regulator U2 protects the amplifier from over-voltage 
damage and stabilizes operation with unregulated sup¬ 
plies, It too may be omitted if a good 5- to 8-volt regu¬ 
lated supply is available, but it's generally more con¬ 
venient to provide regulation as part of the basic 
amplifier design. 

Diode CR2 protects the amplifer from the applica¬ 
tion of a reversed power supply voltage, probably one 
of the more common types of damage to experimen¬ 
tal circuits. The power input filter FL1 prevents noise 
from coupling into the amplifier from the power sup¬ 
ply leads. Bead FB2 on the filter lead provides a little 
additional filtering of the power supply input. 

choosing the correct PC board 
material 

The 3:1 artwork for the amplifier is shown in fig. 
3. This layout is tailored for installation in the enclosure 
discussed later; if you choose to use a different 
enclosure, you’ll have to make some alterations to the 
mounting details, but don't change the basic circuitry 
unless you're experienced in RF PC board layout. 

This board was designed for surface-mounting of 
all components even though only the SO-package 
NE5205 is a true surface-mount part. The PC board 
should be constructed of 1 /32-inch, 2-ounce double- 


Box 

Pomona 3751 or similar (Newark Electronics No. 

34F1260/$18.50) 

C1.C2 

Capacitor, 10 \iFf25V dipped tantalum — 

C4.C5 

Sprague 196D or similar 

C3 

Capacitor, 1000 pF CK05 or disc 

C6 

Capacitor, 10 nF/35V dipped tantalum — Sprague 196D or 
similar 

CR1 

Schottky diode, 1N5711 (may substitute 1N914 or 1N4148 if 
the 1N5711 cannot ba obtained) 

CR2 

Rectifier diode, 1N4001 or equivalent 

FBI, 2 

Ferrite bead (Amidon FB 43-101 or equivalent) 

FL1 

Filter, Erie 1250-003 or equivalent (Newark Electronics No. 
10F8145/$3.13) 

PCB 

PC Board, per fig. 3 

R1, R3, R4, 
R6 

Resistor, 2 k, RC07 carbon composition — Allen Bradley or 
equivalent 

R2R5 

Resistor, 2.7 ohm, RC07 carbon composition - Allen Bred 
ley or equivalent 

R7 

Resistor, 10 ohms, RC07 carbon composition — Allen Brad¬ 
ley or equivalent 

R8 

Resistor, 680 ohms, RC07 

R9 

Resistor, 3.6 ki/ohms, RC07 

U2 

Regulator, LM317LZ 

Terminal 

Ground Terminal\, (Newark Electronics No. 

40F6026/$15 00/100 each) 

U1 

RF amplifier, Signetics Electronics, NE5205D 

Note . Jameco Electronics carries many of the above items and can 
supply most of the components (except the PC board1 on an 'After 

Receipt of Order” basis subject to their line-item and invoice mini- 
mums and distributor availability. 

A complete kit for this project is available from Radiokit, Box 411H, 
Greenville. New Hampshire 03048. Contact Radiokit for details. 


clad epoxy-glass material. Standard PC board doesn't 
make a good substrate for surface mounting because 
the pads will pull off easily, particularly during solder¬ 
ing. However, if you're careful, you can achieve quite 
adequate results. The only component holes neces¬ 
sary are those that tie to the ground plane. Since there 
are no component holes other than those grounded, 
there's no need to clear the ground plane from any 
of the component leads on the ground-plane side of 
the board. Only single-sided PC board construction is 
then required. A full ground plane is needed on the 
nontrace side, but no etching is required on the ground 
plane. This makes the board a bit easier to duplicate 
and consequently a little less expensive if you have 
it fabricated. 

Though it's easier to have the PC board fabricated, 
it's actually simple enough to make using a cut-and- 
peel technique. A small hobby knife can be used to 
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0.9 inches 
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1.3 inches 


fig. 3. 3:1 PC board artwork. 


remtn 

i^BEAO 


RI.R3.RA.R 6, 
R9 


MAKE SURE LEAD 
IS AGAINST P.C. 
BOARD 


fig. 4. Component lead forming details for surface 
mounting 


cut the trace outline through the cladding on one side 
of a precut piece of double-clad PC board and a 
needle-nose or heavy tweezer used to peel the 
unwanted cladding from the board. While peeling, use 
a soldering iron to soften the adhesive and heat the 
cladding to be removed. 

PC board assembly 

As I indicated earlier, the only component of this 
circuit designed to be surface mounted is the NE5205. 
The leads of the other components must therefore be 
bent to allow them to be mounted. Figure 4 shows 
how to bend the leads of the various components so 
that they can be mounted. Try to follow this lead dress 
carefully since lead length is reasonably critical 
because of the high maximum frequencies of opera¬ 
tion of this amplifier. 



-DRILL 1/4" (6.4mm) 4 PLACES 
BEFORE TRI MM I NO TO SUE 


ORlLL IS NO.SB QROUNO-PLANE HOLES 
BEFORE ASSEMBLY 


fig. 5. Amplifier assembly drawing. 


Although assembly of the PC board is straightfor¬ 
ward, some care is necessary because of the tight 
packing of the components. You'll need a soldering 
iron with a 1/16th-inch tip to prevent solder from 
bridging between pads. Also, be very careful when 
mounting the five capacitors and the regulator. These 
are large components and their pads can be lifted very 
easily from the board when soldering. Both during and 
after mounting these components, take care not to 
bend them out of position; this would put considera¬ 
ble stress on the mounting pad and could cause the 
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Table 1. Component mounting sequence. 

1. 

NE5205 

Pin 1 is al the Signetics "S", 

2. 

C3 

Above the NE5205, solder ground plane. 

3. 

C4 

Observe polarity, remember the bead, 
solder ground plane. 

4. 

R3 

Solder ground plane. 

5. 

R4 

Solder ground plane. 

6. 

CR1 

Observe polarity, solder ground plane. 

7. 

Cl 

Observe polarity. 

8. 

C2 

Observe polarity. 

9. 

R1 

Solder ground plane. 

10. 

R6 

Solder ground plane. 

11. 

R2 


12. 

R5 


13. 

R7 


14. 

R8 


, 15. 

R9 

Solder ground plane. 

16. 

REG1 

Observe mounting orientation. 

17. 

C5 

Observe polarity, solder ground plane. 

18. 

C6 

Observe polarity, solder ground plane. 

19. 

CR2 

Observe polarity, leave anode lead full length 


pad to become separated, particularly after soldering. 
When soldering to the ground plane, keep the solder 
buildup to a minimum, since there's very little space 
under the board in the enclosure. 

Figure 5 shows the assembly drawing of the PC 
board. Because it's probably the most difficult of the 
board components to mount — and because it will be 
partly covered by other components mount the 
NE5205 first. The pin next to the "S” in Signetics is 
pin 1. The other components must be mounted in the 
order shown in table 1 because of the tight packing. 
After mounting the amplifier, mount C3 over the top 
of the amplifier with its leads straddling the NE5205. 
Then mount the remaining components in the order 
shown in table 1 , noting the associated comments. 

When all the components have been mounted, bend 
four pieces of the resistor leads that were cut off dur¬ 
ing assembly into a "U" shape as shown in fig. 4 and 
insert them from the ground plane side into the four 
pairs of holes at the corners of the board and solder 
them to the ground-plane side of the board. Make sure 
that the portion of each of these leads that's on the 
ground-plane side of the board is flush against the 
ground plane. They will be used to ground the board 
and hold it in the box. Finally, solder pieces of cut-off 
resistor leads to the input and output pads (again, 
bend as shown in fig. 4). 

After the board is assembled, clean it in isopropyl 
alcohol; a 91 percent solution — probably available 
from your local drug store — works best. Don't use 
denatured ethanol because the denaturing agent isn't 
known. I prefer alcohol to trichloroethane for PC board 
cleaning because it presents no known health hazard. 
But it is flammable, so take appropriate precautions. 

Figure 6 shows the assembled PC board before 
mounting in the enclosure. 



fig. 6. Assembled PC board. 



enclosure modifications 

Enclosures for small RF projects are always a prob 
lem. The one I used for this amplifier was a small die 
cast chassis box. This is a reasonably convenient 
enclosure; only two additional holes must be added 
for the power entry filter and the ground terminal. Fig¬ 
ure 7 shows the details of the modifications to the box, 
the two RF connectors, and the mounting screws. A 
word of caution here: don't try to cut the screws with 
a pair of diagonal cutters; the screws are very hard 
and trying to cui them will damage the cutters. The 
tips of the screws will break off easily enough if you 
use a pair of pliers to hold the tip while you bend the 
screw body with your fingers. Carefully lay out the 
holes using a precision scale and scribe. Center-punch 
the hole positions before drilling to prevent the drill 
from "walking." Tap the holes carefully; the tap is very 
brittle and will break with only slight side pressure. 
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fig. 8. Completed amplifier assembly. A) Internal view. B| 
with cover on. 

While tapping, use plenty of oil on the tap to prevent 
binding. Every turn or two, back the tap out to clear 
the chips. This will also help prevent binding. 

final assembly 

Now for the final task of putting it all together. With 
the connectors and power filter removed from the box, 
place the assembled PC board into the box, compo¬ 
nent side up and oriented so that the regulator is at 
the side of the box with the power entry filter. Loosely 
mount the input and output connectors, using only 
the upper two holes and the two short screws provided 
with the enclosure. As you place the connectors on 
the enclosure, be sure that the input and output con¬ 
necting leads fit inside the connector holes. Now insert 
the longer screws into the bottom holes and make sure 
that they're on the component side of the PC board 
and between the pairs of leads coming up from the 
ground plane. Tighten all the screws. Now, bend the 
pairs of leads near each lower screw over the screw, 
laying them in the relief at the end of the screw. Sol¬ 
der all four screws to the wires and PC board. You'll 
need a larger soldering iron than you used for the 
board assembly to get enough heat for a good solder 
joint. Make sure that the tip of each screw has a good 
solder bead to the PC board; the PC board is grounded 
to the box only at these four places. Try to avoid get¬ 


ting solder in the screw threads so that the screws can 
be removed if you have to remove the board for repair 
later on. Solder the input and output leads to the con¬ 
nectors. Mount the ground terminal and power entry 
filter. If you cannot find a ground terminal, use a 4-40 
brass screw about 1/2 inch long. Place a nut on the 
screw and screw it into the box until it's just penetrat¬ 
ing the inside by a thread or two. Then tighten the 
nut down against the box to lock the screw in place. 
Place the bead, FB2, over the filter lead and attach 
the lead of CR2 to the power filter. Hold the body of 
CR2 with needle-nose pliers while bending its lead to 
prevent stressing its PC board mounting pad. Trim off 
the excess filter and diode lead. 

Do a final cleaning by filling the assembled box with 
alcohol and letting it sit for a few minutes. Place your 
hand over the open top and shake the unit to stir the 
alcohol. Pour it out. Rinse with a little more alcohol 
and pour that out. Let the alcohol evaporate for a few 
minutes and then fasten the cover. 
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September 1986 OS 37 













Figure 8A shows the completed amplifier assem¬ 
bly with the cover removed; fig. 8B shows the com¬ 
pleted assembly. 

performance 

Now for the proof test: how well does the amplifier 
work? If you followed the assembly instructions care¬ 
fully, it should work rather well. Figure 9 shows the 
frequency response of the unit that I built. The gain 
was 20 dB with a lower 3-dB point of 270 Hz and an 
upper of 608 MHz with usable gain to beyond 1.2 GHz. 
The bandpass flatness in the bandpass was better than 
± 0.5 dB. The wideband noise figure was about 5 dB 
— not an LNA but certainly quite good. The output 
power at the 1-dB compression point at 100 MHz was 
+ 6.7 dBm, and the compression was reasonably con¬ 
stant with frequency up to about 600 MHz (the upper 
3-dB cutoff frequency). The total supply current was 
about 35 mA and the minimum operating potential 
about 10 V. Figure 10 shows the S-parameters S11 
and S22 for the completed unit. These parameters are 
a ratio of the forward and reflected power at a given 
port. In fig. 10 S11 is below about - 20 dB up to about 
500 MHz. The S11 parameter in this measurement was 
made at the input port. The - 20 dB value shows that 
the power reflected back from the input is 20 dB below 
the power incident at the input port. That implies that 
the input impedance is reasonably close to the 50-ohm 
impedance of the test system; no power is reflected 
from a perfectly matched load. With a 20 dB return 


loss, the input impedance is within about 0.5 ohm of 
the characteristic 50-ohm impedance. S22 is the out¬ 
put port measurement. Up to about 500 MHz the 
reflected power from the output port is more than 
about 20 dB below the incident power at the output 
port. In this S22 measurement, power is actually 
applied to the output and the reflected power meas¬ 
ured. So the output impedance is also reasonably close 
to 50 ohms (within about 0.5 ohm). 

conclusion 

This amplifier, if carefully constructed, provides very 
good performance for general RF experiments and RF 
projects where a relatively low cost, stable, low-noise, 
wide-bandwidth gain block is needed. The characteris¬ 
tics of the NE5205 make it a good choice for this appli¬ 
cation and the recommended circuit design assures 
both RF and DC stability as well as protection from 
typical experimental abuse. The recommended pack¬ 
aging provides good RF shielding and isolation, assur¬ 
ing stable, noise-free operation in most common RF 
environments. It is also relatively easy to construct. 
This amplifier should be a very useful addition to your 
collection of general RF amplfier designs, 
references 

1. Signetics NE5205 data sheet, January, 1985, Signetics Corporation, 811 
East Arques Avenue, P.O. Box 3409, Sunnyvale, California 94088 3409. 
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3. Amidon Associates, Incorporated, 12033 Otsego Sireet, North Hollywood, 
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the grounded-grid 
amplifier 

During the last decade a quiet revo¬ 
lution has taken place in Amateur Radio 
— the vacuum tube has virtually disap¬ 
peared from the ham shack. I can'tthink 
of a new Amateur receiver, exciter, or 
transceiver using vacuum tubes that's 
sold in today's market. 

But it's a different story in high- 
power, high-frequency amplifiers. In 
these, the vacuum tube remains su¬ 
preme, in spite of several attempts to 
market a solid-state kilowatt amplifier. 
Such a device simply isn't cost-effec¬ 
tive; I doubt that a practical 2-kW (so- 
called) solid-state linear amplifier will be 
available at a modest cost in the near 
future. 

This leaves the power tube as the 
available high-power device. Today it's 
primarily a high-^ triode in a cathode- 
driven circuit (fig. 1 ) that's the popular 
choice for high-frequency SSB and CW 
service. 

This circuit is ideal for Amateur serv¬ 
ice. It has good power gain and usually 
requires no neutralization in the HF 
region. Furthermore, it's hard to over¬ 
drive, and a certain portion of the drive 
power shows up as "free" power in the 
output circuit. The linearity of the 
grounded-grid amplifier is quite good 
and, all in all, it's a hard act to beat. 

The circuit may be operated either as 
an amplifier or an oscillator depending 
on tuning. The tube grid is at (or near) 
R F ground potential and the driving sig¬ 
nal is applied between cathode and 
ground. In amplifier service, when the 
cathode is driven positive by the excit¬ 
ing signal (with respect to the grid), the 
plate becomes more positive with re¬ 
spect to the cathode and also with 
respect to ground. In effect, the instan¬ 


VI 



fig. 1. Simplified cathode driven circuit with R D representing driver load and R L amplifier 
load. Polarity of instantaneous RF voltages is indicated. 



fig. 2. Exciter and amplifier are in series 
with respect to RF voltages. RF current 
flows through driver, as indicated by 
arrow. 


taneous plate voltage is developed in 
series and in phase with the exciting sig¬ 
nal voltage. The driver and amplifier 
may then be considered as operating in 
series delivering power to the load (see 
fig. 2). 

In the better-designed cathode- 
driven amplifiers, a tuned circuit is used 
in the cathodeto improve the regulation 
of the driver, to provide proper termina¬ 
tion of the driver over the operating cy¬ 
cle, and tocompletethe plate circuit RF 
return path to the cathode of the ampli¬ 
fier. If the tuned cathode circuit is omit¬ 
ted, the various tasks fall upon the 


output circuit of the exciter. Many solid- 
state exciters cannot stand this set of 
operating conditions and may exhibit in¬ 
stability and undesired oscillation. The 
operator may jump to the conclusion 
that the amplifier is oscillating even 
though the problem is really in the 
exciter. 

neutralize the grounded 
ground amplifier? 

In the H F region, most grounded-grid 
amplifiers don't require neutralization 
because the feedback path from plate to 
cathode is small. Flowever, the feed¬ 
back path does exist and some 
Amateurs have discovered that the 
grounded-grid amplifier can become 
unstable and tricky to tune, especially 
on 10 meters and above. 

It's easy to determine the degree of 
unwanted feedback in your amplifier. 
When fully loaded and tuned with car¬ 
rier injection, maximum power output, 
minimum plate current, and maximum 
grid current should all coincide at one 
setting of the plate tuning capacitor. 
What? This doesn't happen in your am¬ 
plifier? Maximum power output and 
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fig. 3. Inductive neutralization of cathode-plate feedback circuit. Resonant circuit is tuned 
to operating frequency. 



fig. 4. Bridge neutralization of cathode plate feedback circuit. 


minimum plate current don't coincide? 
You have some unwanted feedback in 
the amplifier. If the amplifier seems sta¬ 
ble, don't worry about it. 

the neutralizing circuit 

Voltage feedback through the in¬ 
terelectrode capacitances of the tube 
from output to input can have a deleter¬ 
ious effect on amplifier performance un¬ 
der some circumstances. Control of this 
feedback is termed "neutralization." 
The purpose of neutralization is to make 
the input and output circuits of the am¬ 
plifier relatively independent of each 
other during operation. It sounds sim¬ 
ple, and it is. A balancing circuit (fig. 3), 
in which the capacitive feedback path is 
neutralized by making the capacitance 


partofa high-impedance, parallel-tuned 
circuit, is used. Another scheme takes 
a small portion of the RF plate voltage 
and feeds it back out-of-phase with the 
input voltage (fig. 4) . When the value of 
the neutralizing capacitor Cm is approx¬ 
imately equal to the feedback capaci¬ 
tance of the tube, the circuit is balanced 
and will remain balanced over a con¬ 
siderable operating range of the am¬ 
plifier. 

VHF neutralization 

In the VHF region (above 30 MHz) a 
second feedback path must be consid¬ 
ered in amplifier operation. This path in¬ 
volves the grid-to-plate capacitance, 
the cathode-grid capacitance, and the 
grid lead inductance (fig. 5). Because 


the grid isn't truly at ground, because of 
the inherent grid lead inductance and 
other factors, a voltage may appear on 
the grid which can either increase or 
decrease the driving voltage. With suffi¬ 
cient unwanted grid voltage of the pro¬ 
per phase, the cathode-driven stage 
may oscillate, even thoug h the tu be has 
been neutralized. 

There is, however, a certain frequen¬ 
cy at which the two feedback paths tend 
to be self-cancelling. This is termed the 
"self-neutralizing frequency" of the 
tube and is usually found in the lower 
portion of the VH F band. This frequen¬ 
cy is determined by physical tube size 
and the internal length of the conduc¬ 
tors and elements within the tube. 

Below the self-neutralizing frequen¬ 
cy, the tube can be neutralized by the 
addition of a small inductance in the 
grid-to-ground path (fig. 6). Above this 
frequency, the tube can be neutralized 
by the addition of a series capacitance 
(fig. 7), Each of these neutralizing cir¬ 
cuits is frequency-sensitive and the cir¬ 
cuit must be adjusted if an appreciable 
change in operating frequency is made. 
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a docile beast 

In general, neutralization isn't re¬ 
quired in Amateur amplifiers using 
cathode-driven circuitry below30 MHz. 
The cathode-driven amplifier is a docile 
beast, with relatively low power gain 
when triode tubes are used and ampli¬ 
fier shielding is adequate. Amplifier in¬ 
stability at the operating frequency can 
often be cured by careful attention to 
feedback paths external to the amplifi¬ 
er (proper bypassing of primary power 
leads) and by ensuring that the exciter 
and amplifier are operating at the same 
ground potential. An extra-short, heavy 
ground strap between exciter and am¬ 
plifier will often cure an unstable ampli¬ 
fier. 

amplifier parasitics 

Much has been written about ampli¬ 
fier parasitics. Some of it is true. As I said 
before, the cathode-driven amplifier is 
docile, and parasitics, when they occur, 
are usually mild (amplifier efficiency 
when oscillating in a parasitic mode is 
very low) and commonly above the self- 
neutralizing frequency of the tube. 

A sure-fire cure for a parasitic is to 
load the circuit at the parasitic f requen 
cy until the amplifier refuses to oscillate. 
The tube lead common to all parasitic 
circuits is the plate; this is where para¬ 
sitic suppression should take place (fig. 
8A A simple resistor-inductor circuit will 
do the job. The inductor places the resis¬ 
tor across an appreciable portion of the 
plate lead at the parasitic frequency and 
thus loads the circuit. At the operating 
frequency, the resistor is across only a 


small portion of the electrical length of 
the plate lead and is almost "invisible." 
Too many turns in the inductor will 
couple the resistor too tightly at the 
operating frequency and the resistor will 
dissipate a portion of the amplifier's fun¬ 
damental power and will probably over¬ 
heat. If the parasitic is truly suppressed, 
then there will be no parasitic power. 
Too few turns in the inductor and the 
suppressor won't do its job. Cut-and-try 
is the keynote to success in this opera¬ 
tion. 

the "Rocky Point" effect 

The vacuum in a modern power tube 
is on the order of 10 Torr (millimeters of 
mercury) in order to maintain proper 
cathode (filament) emission and to pro¬ 
vide adequate insulation between the 
electrodes. In spite of the high vacuum 
employed, it sometimes happens that 
the insulation between the anode and 
other electrodes suddenly breaks down, 
with flash-over occurring inside the 
tube. 

This phenomenon has been referred 
to as the "Rocky Point" effect, after the 
RCA transmitting site where it was first 
observed in the 1930s. The effect can 
occur at low voltages and in relatively 
small tubes. Though it's not attributable 
to a gradual deterioration of the va¬ 
cuum, it can be brought about by a small 
quantity of ions liberated from an elec¬ 
trode. Ionization causes an electrical 
discharge, whereupon the ions disap¬ 
pear, either becauseof absorption or ac¬ 
tion of the getter within the tube. If the 
equipment is power-supply limited, the 
discharge usually causes no damage. 
However, most Amateur equipment 
makes use of a high-capacitance filter in 



the power supply, and the energy of this 
capacitor is "dumped" into the flash- 
over. Since the tube, at that instant, 
forms a virtual short circuit, the dis¬ 
charge current can run very high, dama¬ 
ging the tube electrodes, metering 
circuits, and associated components. 

The flashover is very sensitive to a 
drop in plate potential. The easiest way 
to control it is to insert a small series 
resistor in the plate supply (fig. 9). The 



voltage drop across the resistor during 
a flashover will lower the plate voltage 
and extinguish the vacuum arc. 

Without the resistor, substantial 
damage may occur to tube and amplifi¬ 
er components. With the resistor in 
place, in the case of a rare flash-over, the 
operator will be aware only of a soft 
"pop” or "snap" and amplifier opera¬ 
tion will continue as before. The resis¬ 
tor limits the current while the energy in 
the filler capacitor is being dissipated. 

In most cases a 50-ohm, 20-watt re¬ 
sistor incorporated in the B-plus lead 
after the filter capacitor (either in the 
amplifier or in the power supply) should 
provide adequate protection. Inexpen¬ 
sive and easy to install, the resistor can 
protect a power tube worth many hun¬ 
dreds of dollars. 

The resistor is in a high-voltage circuit 
and should be adequately insulated 
from grou nd. Mounting it on ceramic in¬ 
sulating pillars is a good idea. 

filament voltage 

It's a good idea to check your filament 
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voltage at the socket in a cathode-driven 
amplifier. A voltage drop may exist 
across the filament choke and thus 
reduce available filament voltage at the 
tube. The voltage should be checked 
with an RMS-responding meter (iron- 
vane type, for example) and not with the 
garden-variety volt-ohmmeter which, 
more often than not, employs a DC 
meier and a series-connected diode rec¬ 
tifier to measure AC voltages. This com¬ 
bination is often inaccurate as the diode 
ages and its response to the rough 
waveform of the common AC primary 
line is questionable. 

Filament voltage should be held to the 
tube manufacturer's specification 
limits, generally i 5 percent of the 
designated voltage. For Amateur serv 
ice, it is generally prudent to remain on 
the low side of the voltage limit, rather 
than on the high side. (I generally run my 
tube filaments about 2 percent below 
the suggested operating voltage.) 

RF feedback 

In some cathode-driven amplifiers, a 
small degree of negative R F feedback is 
incorporated. This absorbs some ex¬ 
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cess drive power, tends to make the am¬ 
plifier more stable, and improves the 
intermodulation distortion figure slight¬ 
ly. The feedback circuit is made up of 
the plate to-grid capacitance, which is 
set by the equipment manufacturer. A 
representative circuit is shown in fig. 
10. Feedback is about 2 to 3 dB in the 
case illustrated. Decreasing thegrid-to 
ground capacitance raises Die feedback 
level, but also tends to degrade thegrid- 
filament isolation at the operating fre¬ 
quency. A happy compromise must be 


found for the circuit to do its job. In the 
case of an amplifier using two 3-500Z 
high /i power triodes, 600 pF seems to 
be satisfactory. This is accomplished by 
placing a 200-pF capacitor at each grid 
pin to ground. The capacitors are shunt¬ 
ed by an RF choke to complete the DC 
ground return for grid current. The 
choke has nothing to do with the opera¬ 
tion of the RF circuit. 

summary 

The grounded-grid (cathode driven) 
configuration is admirably suited to 
Amateur service in the HF and VHF 
regions and the circuit performs well in 
a properly designed and operated am¬ 
plifier. 

the EME directory 

A second printing of the EME 144 MHz 
Directory lists active moonbounce sta¬ 
tions. their addresses and locations, 
equipment used, and other pertinent in¬ 
formation. For a copy, send five first- 
class stamps (or IRCs) to me at: Varian 
EIMAC, 301 Industrial Way, San Carlos, 
California 94070. 
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remotely controlled stations: 

a look at a successful remote base 


Stuck in an 
RF gulch? 
Try another site 


Imagine having a "big gun" 160-meter station — 
but with no antenna consuming your back yard. Imagine 
running 1 kWon 6 meters — with nofearofTVI. Imagine 
DXing into the next state on 1296 MHz — but the only 
rig at your QTH is a 450-MHz handheld! All this is possi¬ 
ble using a remotely controlled station, commonly 
known as a 'Remote Base" or simply a "Remote." 

A Remote may consist of as little as a simple wireline 
control link operating a single-channel 2-meter rig, or it 
may be a complex array of computer-controlled gear, 
covering H F through microwave and controlled via 450 
MHz-FM. Ideally, it's positioned on top of a mountain 
or tall building, like a repeater, but it could be located 
anywhere — even in the trunk of a car! 

Possibly the biggest advantage of a Remote is that it 
allows antennas to be located at a better site than may 
beavailableathome. Many housing developments, for 
example, don't allow outside antennas. And even where 
they're allowed, TVI may prohibit H For 6 meter opera¬ 
tion at appropriate transmitter power levels. 0 r perhaps 
you just need to get your antennas out of the "RF gulch" 
you're trapped in. 

But a better antenna location isn't the only reason to 
go Remote. A Remote allows several hams to consoli¬ 
date their resources into one superior station, access¬ 
ible to all. A group of operators then needs to purchase 
only one H Frig, one 1296-MHz station, and a single an¬ 
tenna farm instead of duplicating their efforts individu¬ 
ally at great expense. 

The sharing of talents is valuable, too. In any group 
of hams there are likely to be those with specialized 
knowledge of RF, digital communications, and anten¬ 


nas, for example. Working together and pooling resour¬ 
ces, each can contribute his or her skills toward building 
a station far superior to what each might accomplish 
separately. 

Located on a 2000-foot mountain near Ventura, 
W60RE Remote (fig. 1), the station described in this ar¬ 
ticle, has been operating successfully for ten years. Us¬ 
ing a 450-MHz FM control channel, this Remote allows 
the users to operate an H F rig covering 160 to 10 meters 
and an FM VHF/UHF station covering 144 to 148 MHz, 
220 to225 MHz, and440 to450 MHz. Also controlled are 
an X-band beacon and a programmable speech synthe¬ 
sizer, along with other miscellaneous functions. 

Every one of these items can be controlled from the 
user's home QTH or automobile (or boat, in one case), 
with a rig as simple as a handheld equipped with a rub¬ 
ber duck antenna and a touchtone pad. 

The HF rig can be set directly to any frequency, or 
scanned or stepped up or down the bands in 100-Hz 
steps. A speech synthesizer reads out the frequency and 
reports if the transmitter is becoming overheated, or if 
a band edge has been reached while scanning, and to 
what portion of the band (Novice, General, Advanced, 
or Extra) the operator is tuned. 

The VHF/UHF station, a Drake UV-3, can also be di¬ 
rectly set to any frequency, scanned, or stepped up or 
down. Repeater splitsare set automatically, but any odd 
split, even cross-band, is possible. All of this is con¬ 
trolled, "on-the-fly" with just a few keystrokes on a 
touchtone pad! 

the computer 

As you may have guessed, a computer (fig. 2) con¬ 
trols the system. Indeed, the heart of this Remote is a 
custom designed Z80’ M computer built and program¬ 
med by Bob Schellhorn, W60RE. The Z80 CPU was 
chosen for its rich instruction set and extensive I/O (In¬ 
put/Output) capacity. 

By Steve J. Noll, WA6EJO, 1288 Winford 
Avenue, Ventura, California 93004-2504 
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The software was written entirely in assembly lan¬ 
guage for speed and efficient use of memory. The soft¬ 
ware, known as "firmware" at this point, is contained 
in a 27128 UV EPROM (ultra violet light erasable, pro¬ 
grammable, read-only memory). Transient and change¬ 
able information is stored in a 6264 CMOS RAM (com¬ 
plementary metal oxide semiconductor random access 
memory). 

The Z80 and memory are built on an S-100 bread¬ 
board, although the S-100 bus protocol isn't used. S-100 
cards afford generous wiring space and a 100-pin edge 
connector provides for plenty of I/O and allows the card 
to be easily removed for modifications (see fig. 3). 

The CPU card isenclosed in an R F-tight box fashioned 
from un-etched copper-clad printed circuit board. Cus¬ 
tom R F-tight enclosures constructed with surplus print¬ 


ed circuit board are often cheaper than store-bought 
aluminum chassis, which also never seem to be availa¬ 
ble in just the rightsize. An RF-tight CPU box is a must, 
as computers are notorious for generating excessive ra¬ 
dio "trash." And in this case, the computer is mounted 
within inches of several radio receivers. 

TheZ80 runs at a fairly low speed to minimize R FI. The 
I/O is further slowed by a combination of special soft¬ 
ware and hardware techniques and brought out of the 
CPU box using feedthrough capacitors. A card cage re¬ 
ceives the CPU I/O lines and distributes them to various 
5 x 7-inch I/O cards. The card cage isn't shielded, but 
because the 1/ 0 is slowed at this point, no noticeable RFI 
is generated. 

The I/O cards provide the digital and audio interfaces 
to the FI F rig, the VHF/UFI Frig, the450-MFIz control up- 
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fig. 2. A large double cabinet provides room for future ex¬ 
pansion. 

link receiver and downlink transmitter. One card con¬ 
tains the speech synthesizer, which is so necessary to 
the operation of such a complex system. 

a speech synthesizer is a must 

The speech synthesizer is built around theVotraxSC-- 
01 speech chip. This is a phoneme-based chip, which 
makes it completely user-programmable. It doesn't pro¬ 
vide the latest, state-of-the-art high-quality speech; in 
fact, it sounds rather like a robot. However, it's far su¬ 
perior to many other speech chips in that it can say ab¬ 
solutely anything. No compromises (such as spelling out 
words not in the limited vocabulary common to other 
synthesizers) have to be made. It's also very memory- 
efficient. Only about five phonemes, or five bytes of 
memory, are required to store an average word. 

the HFstation 

The HF rig (figs. 4and5)isan ICOM IC-701, a model 
no longer in production but a natural for computer con¬ 
trol because of its 24-pin connector for plugging in a re¬ 
mote control unit. Through this connector the computer 
can set frequencies, scan or step in 100-Hz increments, 
and transmit. The computer keeps track of the current 
frequency, the band edges and the license class bound¬ 
aries. Of course, frequency can be read at will (a single 
touchtone on the uplink) and is announced politely on 
thedownlink - i.e., "Fourteen-point-three-one-four." 



fig. 3. Inside of computer controller. Much of the visible wir 
ing is for the diagnostic front panel. 


All is not perfect, though. Outputs weren't provided 
for mode switching (USB/LSB) or for over-temperature 
warning. Minor surgery provided these needed outputs 

two, in fact, for the over-temperature alert. When the 
rig's fan comes on, the speech synthesizer announces 
"Overheat warning” on the450-MHz downlink. If the PA 
temperature continues to rise, the transmitter shuts 
down and the synthesizer announces, "Overheat shut¬ 
down." 

Aground-mounted Butternut vertical allows 160 to 
IO meter coverage without an antenna tuner. Because 
the Remote is located on cattle grazing land, a small cor¬ 
ral was built around the vertical to ward off any itching 
Elsies. A 160-meter wire antenna is planned for the fu¬ 
ture; there will be no problem in having the computer 
switch over automatically when a 160-meter frequency 
is selected. 

the VHF/UHF station 

Another out-of production rig, a Drake UV3, provides 
the 144/220/450-MHz coverage. Thisrig was designed 
with a removable control head to allow the RF section 
to be located in the trunk of a car, while the head is 
mounted under the dash — again, a wonderful oppor¬ 
tunity for easy computer control. The removable head 
is replaced by a homebrew interface box allowing the 
computer full access to frequency setting and band and 
power level changing. 

The VHF/UHFantennasare a simple ground plane on 
2 meters and short KLM log-feed Yagis for 220 and 450 
M Hz. Luckily, most of the action is in one direction from 
the Remote site so that directional (gain) antennas can 
be used. The short log-feed Yagis afford wide bandwidth 
and a not-too-narrow beam shape (see fig. 7). 

the control link 

Primary to the operation of the Remote is the450- MHz 
uplink, which allows controlling and talking through the 
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fig. 4. HF rig is in a shielded rack-mount box. 



fig. 5. Rear view of cabinet illustrates placement of link com 
portents. 


HF and VHF/UHF stations. The 450-MHz downlink 
pipes the HF/VHF/UHF receive audio back to the user 
The uplink receiver is a Yaesu 708R, somewhat modi 
tied to accommodate a Motorola squelch chip. The 
downlink transmitter is a cannibalized ICOM IC-30. Each 
connect through a four-cavity Phelps Dodge duplexer 


to a homebrew Quagi. All of the users live and work in 
the same general direction from the Remote site, which 
permits the luxury of using a high-gain directional link 
antenna. 

some legal points 

The Remote control requirements of Part 97 are often 
violated or ignored by remotely controlled station users. 
Because the regulations, which are quite complex and 
often confusing, require careful study for compliance, 
some definitions are in order: 

• Auxiliary operation: radio communication for re¬ 
motely controlling other amateur radio stations 
(97.31). All amateur frequency bands above 220.5 
MHz, except 431-433 MHz and 435-438 MHz, are 
available for auxiliary operation 197.86d). 

• Remote control: manual control, with the control 
operator monitoring the operation on duty at a control 
point located elsewhere than at the station transmit¬ 
ter, such that the associated operating adjustments 
are accessible through a control link (97.3m2). 

• Control link: apparatus for effecting remote control 



fig. 6. The HF vertical is protected from cattle and deer by 
a small corral. 
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fig. 7. The remote site shares towers and building with com¬ 
mercial services. HF vertical is visible at bottom right. 


fig. 8. X-band beacon is perched near top of tower. 


between a controlpoint and remotely controlled sta¬ 
tion (97.3n). 

Thus, a station can be remotely controlled through a 
control link; this is considered auxiliary operation. Note 
that Part 97 never uses the popular terms ''Remote" or 
"Remote Base," 

Of course, "7 he frequencies available for use by a 
control operator of an amateur station are dependent on 
the operator license classification of the control opera¬ 
tor. .. "(97.63c). Even if a Remote is licensed to an Ex¬ 
tra, a General class control operator is still restricted to 
the General bands. 

On identification:... a station in auxiliary operation 
shall transmit the word "auxiliary "at the end of the sta¬ 
tion call signal .84d2). So on the control uplink, I iden¬ 
tify as "WA6EJ0 AUXILIARY." The control downlink 
identifies itself as "W60RE AUXILIARY." When trans¬ 
mitting through the Remote's HF station, however, the 
only required ID is that of the remotely controlled station 
licensee. 

On control link security: A station in auxiliary opera¬ 
tion shall be used only to communicate with stations 
shown in the system network diagram (97.86d), To com¬ 
ply with this regulation, a non-member of a Remote 
breaking into the link should be informed that it is a con¬ 
trol link and politely asked to leave. 

On remotely controlled station security: Each remote¬ 
ly controlled station shallbe protected against unauthor¬ 
ized station operation, whether caused by activation of 
the control link, or otherwise^! .88g). "Automatic con¬ 
trol" is not advisable. 

can a remote be used 
for gaining contest points? 

Use of repeaters is usually prohibited for contesting, 
but a Remote is merely a station operated by remote con¬ 
trol, not a repeater. The AR RL has affirmed this and does 
not differentiate between Remote and "regular" station 
contacts. Note that users of a given Remote can't make 
contest points under their own calls. The transmitter(s) 
of a Remote are licensed to the licensee of the Remote 
and therefore bear only his or her call sign, not each in¬ 
dividual user's. 

operating particulars 

Nowadays, most 450-MHz rigs include built-in sub- 
audible tones (PL). ThelCOM IC-04AT is one example. 
All PL frequencies are built in and merely selected from 
the keyboard. The result is increased convenience but 
at the cost of reduced security. A remotely controlled 
station isn't very secure if left unattended with only PL 
protection. And Part 97 requires that Remotes be well 
protected. 

For that reason the W60RE Remote is left off when 
not in actual use. A user turns the Remote on by send¬ 
ing a touchtone code on the uplink and is responsible for 
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operation of the station until turned off, or until control 
is passed on to another user. On turn on, and every 10 
minutes thereafter, the synthesized voice IDs the down¬ 
link, "W60RE Auxiliary." At this point, the user can en 
ter modes for controlling the VH F/ U H F station, the H F 
station, or miscellaneous functions. 

If VHF/UHF station control is selected, any frequen¬ 
cy that the UV3 can cover can be entered via a touchtone 
pad. Any split, normal, reverse, or odd can be set. Of 
course, all frequencies and split settingsareannounced 
on the downlink by the speech synthesizer. If the UV3 
transmitter is enabled, a beep is sent on the downlink ev¬ 
ery time the user drops his or her uplink carrier to serve 
as a reminder that the transmission is occurring on an¬ 
other frequency. 

Now the computer really proves its worth. Each user 
is assigned a "scan memory." Each scan memory holds 
32 "channels," just like a regular scanner. A user can 
place any mixture ol 2-meter, 220-MHz, and 450-MHz 
frequencies in his or her scan memory. After turning the 
Remote on, the user needs to send only a single touch- 
tone on the uplink to activate the scan memory and the 
UV3 to begin scanning! Scanning, of course, stops on 
a "talking" channel, but channels can also be "locked 
out" temporarily or permanently with a keystroke. 

Operation of the HF rig is similar. A frequency can be 
entered directly with touchtones. Then a touchtone 
code starts the IC-701 tuning up, or down, in 100-Hz 
steps. 

Keying a mike on the uplink briefly will reverse the scan 
direction and slow it down. Keying the mike a little longer 
will stop the IC-701 from tuning. At any time a certain 
touchtone will cause the speech synthesizer to an¬ 
nounce the current frequency being monitored. Another 
touchtone will single-step the rig in 100-Hz steps; yet an 
other will toggle the rig between WWV and the last fre¬ 
quency. 

Of course, none of these features are built into the HF 
rig. The computer controlling the Remote has added 
them. In addition to the user scan memories, the com¬ 
puter provides90siiigte-channel "slots.” Each slot can 
hold any VHF, UHF, or HF frequency. Simply entering 
a slot number turns on the appropriate rig and sets it to 
that frequency. For example, one slot holds the 20-meter 
Maritime Mobile net frequency, a few slots are assigned 
to local 2-meter repeaters, and one series of slots con¬ 
tains all of the HF W1 AW voice bulletin frequencies. 

HF apprehensions 

There certainly were apprehensions about Remote 
operation of the HF rig before it was installed. What 
would tuning a rig several miles away be like without hav¬ 
ing a frequency display to wa tch or even a knob to grasp? 
Would we have to operate duplex, tuning on the uplink 
while listening on the downlink? The concept of blind 
operation and computer control was first tested by con- 



tig. 9. Coax passes through lightning arrestors before enter 
ing building. 


necting the HF rig to the author's NorthStar Horizon 
S-100 computer. A program in BASIC took commands 
from the computer keyboard and sent them to the rig 
through parallel ports. It worked great. There were no 
problems in operating the rig without seeing its front 
panel. With a little practice a sideband signal could be 
scanned up to and stopped directly on. 

There is a utility mode that allows users to control a 
multitude of items. Uplink squelch characteristics can 
be adjusted. The Remote's battery charger and a 
140-mW X-band beacon can be controlled. (See fig. 8.) 
The speech synthesizer can be programmed on the pho¬ 
neme level to say any word or message. Any portion of 
the EPROM memory can be read (the speech synthesizer 
reads out the locations in hex). The static RAM can be 
read and also written to. The speed that the HF rig tunes 
can be adjusted. These are just a few of the things that 
can be controlled. 

keeping the commands simple 

Even though there are several dozen different 
touchtone commands, the majority of the most used are 
only single digit. This makes life much easier. There are 
no vast tables of long commands to be memorized. This 
is achieved mainly by dividing major operating areas. 
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fig. 10. Coax enters building through a weather-proof box. 
The anemometer is made from a DC motor and recycled air 
freshener containers. 

i.e., HF, VHF/UHFand utility, into separate "modes." 
The touchtone decoder has to be fairly good to keep up¬ 
link voice falsing down when single-digit codes are used. 
The Mitel MT8860/8865 chip set is used. 

bells and whistles (figs. 9 and 10) 

A weather station addition is now nearing completion. 
It is built around a National ADC 0817 16-channel ana¬ 
log to digital (A/D) conversion chip. The chip has 16ana- 
log inputs and an 8-bit digital output. It is quite easy to 
connect to a computer. The computer needs to send the 
chip a 4-bit address to set the chip to read the desired 
channel. The chip then measures the voltage on that 
channel and presents the data in an 8-bit, 0-255 format. 
It is then up to the computer to multiply or divide this 
number by a constant to come up with a meaningful 
measurement. For example, the home-made anemo¬ 
meter generates 0.027 volt/mile/hour. An op amp am¬ 
plifies this signal by 2.47. The A / D converter sensitivity 
is0.02 volt/bit. Thus, if a 10 mph wind is blowing, the 
A/D will put out (10 x 0.027 x 2.47)/0.02or33 rounded. 
The computer then multiplies the A / D output by 0.303 
to get 10 mph, which is announced by the speech syn¬ 
thesizer on command. Also measured are inside and out¬ 
side temperature, humidity, AC line voltage, battery 
voltage, charger current, and HF antenna VSWR. 

summary 

Building a remotely controlled station is unquestion¬ 
ably a major project, but the rewards are well worth the 
effort. Computer control and synthesized speech feed¬ 
back are a must for all but the simplest systems. There 
is commercial hardware available for remote control, but 
you might want to consider "rolling your own" to gain 
the ultimate in versatility. 
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extended-range VU meter 



OUTPUT (08) 


fig. 1.1:1 VU vs. 2:1 VU range. 



NE570 circuit 
compresses 40 dB-range 

into 20 dB 


In Amateur Radio we're accustomed to signal-to- 
noise ratios of less than 15-20 dB. On UHF, however, 
there's sometimes a need to measure SNR higher than 
20 dB. An example of this would be in setting up VHF 
or UFIF networks or linking systems to minimize hum, 
noise, or PL leakage. 

One method of extending the range of a standard 
VU meter from its usual 20-22 dB to 40-45 dB is to 
use an NE570 or NE571 2:1 compression amplifier be¬ 
tween the source signal and the VU meter. This de¬ 
vice provides a very accurate 2:1 curve so that 
accurate SNR readings can be achieved (see fig. 1). 

circuit description 

The NE570 consists of three basic blocks: a 741-like 
op amp, a gain control amplifier, and a precision de¬ 
tector. It can be set up to compress or expand at a 
2:1 ratio, depending on how these elements are con¬ 
nected (see fig. 2). 

The output of the NE570 is buffered by an MC3403 
op amp to provide gain in the unit and better drive to 
the VU meter (the NE570 is limited in this regard). I 
chose the MC3403 because it has low crossover dis¬ 
tortion and requires only a single voltage supply. 

(The circuit board artwork from the Project OSCAR 
ACSSB Level 1 TX Adapter is shown in fig. 3). A lay¬ 
out for the VU Extender and its schematic are also in¬ 
cluded (fig. 4). You may wish to use the extra op amp 
sections to provide a standard audio weighting curve 
for some kinds of measurements. There are three op 
amps still available in the MC3403 to provide this 
function. 

Calibration is accomplished by setting the input at¬ 
tenuator pot (Ra) in fig. 4 to mid-scale, then adjust¬ 
ing Rg with the selector switch (SI) in the "OUT" 
position until you read "0" VU with 0.773 volts AC 

By James Eagleson, WB6JNN, 15 Valdez Lane, 
Watsonville, California 95076 
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at the input. This can be checked with a VOM or digi¬ 
tal voltmeter. After switching SI to "IN," adjust Rq 
for the same reading. You'll now notice that by drop¬ 
ping the input level 10 dB in the "OUT" position, you'll 
read -5 dB when you switch to the "IN" position. 

All readings taken with the adapter "IN" should be 
multiplied by 2 (i.e., - 5 dB = - 10 dB) to obtain actual 
SNR. 

performance 

The unit works well for normal speech and CW be¬ 
cause the time constants have been chosen to com¬ 


plement the usual syllabic rate of voice and CW, which 
is about the same. 

The 2.2 /»F capacitor specified for (Cj) gives good 
performance down to about 100 Hz. 

There will be some overshoot and undershoot on 
the system (no AGC amplifier is perfect), but it will 
certainly give results within a few dB of correct levels 
and costs far less than equivalent commercial units 
capable of measuring the same information. I've found 
it a useful addition to my shack. 

ham radio 
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a very sensitive 

LF or HF field-strength meter 



WHIP 

ANTENNA 



fig 2. A single 9-volt battery will power the field strength 
meter, with a total current drain of 3 mA. 


Detect small changes 
with this handy circuit 

Whilethesimple resonanttank, diode detector, and 
microammeter-type field strength meter (fig. 1 ) may be 
usable for HF signal evaluation, it's almost useless for 
any reasonable measurements on 1750 meters, where 
a 1-watt input restriction applies and very low ERP is the 
rule. 

Using the standard diode detector scheme, I found 
that the usable scale readings for 1750-meter tests were 
limited to a maximum of 30 feet away from the antenna 
to be evaluated. To compensate for this insensitivity, a 
larger antenna connected to a field strength meter would 
be required. But this would make field-level measure¬ 
ments cumbersome. One solution to this problem would 
be a DC amplifier at the output of the detector to provide 
the gain required for driving the meter indicator. 

circuit description 

In fig. 2 the complete LF field strength meter circuit 
is shown. Cl and Li are made to resonate on the 
1750-meter band, with the total coverage being from 150 
kHz to 500kHz. LI can be slug-tuned for 160-to-190kHz 
coverage alone or a 2.5-mH choke can be used for LI, 
if desired, using Cl fortuning. A 1N270 germanium di¬ 
ode rectifies the R F signal and C2 is charged at the peak 
RF level. This DC level is amplified by U1, an LM358 
operational amplifier requiring only a single 9-volt sup¬ 
ply for operation. The gain isdetermined by R2and R3. 
R3 is a 100-kilohm linear potentiometer that varies the 
DC gain from 1 to 100, driving the 50-microampere me¬ 
ter, which actsasa voltmeter in conjunction with R5. A 
normally closed 3.5-mm jack is connected in series with 
the analog 50-microampere meter for remote meter 
readings and/or a DC level which can power an audio 

By S. J. DeFrancesco, K1RGO, 17 Jeffry Road, 
East Haven, Connecticut 06512 
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Table 1. 




u 

Cl 

(variable) 

Frequency 

Range 

Ham Band 

50 /.l-l 

30 365 pF 

1 4 Mi le 

160, 80 meters 

3 ;<H 

30 365 pF 

5-16 MHz 

40, 30, 20 meters 

0.9 pH 

30 365 pF 

9 30 MHz 

30. 20. 15, 12. 10 




meters 

2.5 mH 


Broadband at 
reduced gain 



oscillator for CW sidetone operation. An LED was ad¬ 
ded to indicate the "on" status. 

You can expect long battery life because the amplifi¬ 
er will continue to operate even when the battery volt¬ 
age drops to 4 volts. With 9 volts applied, the total 
current drain is only 3 mA. 

This field strength meter need not be limited to LF use 
only. Table 1 shows the LI and Cl values for HF opera¬ 
tion and broadband operation. 


operation 

At first try, the added sensitivity was a blessing. I could 
easily make field strength measurements at distances 
that were impossible with the simple diode detector 
barefoot meter. At 200 feet from my LF antenna, test¬ 
ing on 186.5 kHz, I could easily get 30 percent scale 
readings. 

I then began checking my 1750-meter antenna sys¬ 
tem. When the antenna was dry, I noted a 1-dB increase 
in field strength over readings taken when it was wet. I 
ran a 600-volt "Megger" test on a dry day and also on 
a rainy day, noting 10,000 Megohmsonthedry day and 
3 Megohms on the rainy day. In the past, under similar 
conditions, I couldn't detect this variation in field 
strength because of unusable readings. Noticing the 
substantial difference in field strength, I cut several tree 
branches that were touching my antenna and found that 
just doing this increased the field strength by another 2 
dB. The field strength meter proved to be quite a useful 
tool. 

ham radio 
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AND SClCMTirtC FUNCTIONS-AT AN AFFORDABLE PfltCf 
WE CANNOT Tit,l »OU THE MAKE OF THE COMPUTER BUT IT WAS 
MAW By A Famous WATCH company THEY USED TO SELL FOR 
IBS OS 

wt bouohi out what imi factory had lefi in stock and mao 
to remove the labels,these units are unpackaged less the 

«V WALL ADAPTER AND MANUAL BttiAUSf THIS IS A DISCONTINUED 
ITEM THERE IS NO WARRANTY 

GET THEM WHILE THEY CAST LIMITED SOPPl Y 


BUY tsl UNIT FOR 519.95 BUY 2nd FOR 516.95 9V DC WALL ADAPTOR 54.95 
BUY 3rd UNIT Non Operating For Paris 510.95 MANUAL Over 150 Pages 52.95 
See September 1964 iasuo of 73 for T1MEX/RTTY articla 


CHIP BONANZA tat thesewucfs they are a steal] 


(REG HUBS) 

(MG 10 061 

jo* oquifAlwill 


37W 
?;« 

M13 

37 l» 
tofu’ 

MID 

woo 

MA71 
4131 

TIIBII (SPECIAL] 

IMUTOJNl MiCHOPW PIN*BIT J>t* . iftI1ITCPU 

TUSTROTNi MlCOOPPSl 

TIN WOTANL MiCROPCLOCK GIN AND DRIVER 

TMS OOT0ANL MICRO P COLOR GRAPHICS AND OUTPLAY 

KCYOOARO(«»4|N»KirVSMrAStlRE4 . lO(HI-TEK) 

APPLE « **l APPLE K. "COMPUTER 
UainFRamiS (Tuny pwvNihJ] USo 
FV** » v pc4v, CAM And »*>TW4rd. MO* 

«»«l abm CAll or Wn|» 

n m MKiiHd mxm. <««» mmt*> 
i) A latlM tTO phM tMOOmo 

APPLE POWER 

SUPPLIES $2995 


»li» LA OR 10 FOR t 900 
».» |A OR 10 FOR «000 
1335 Ea OR tO FOR MOW 
Kfw fcA f>« IP FO« *»<» 
I7W EA 0« 10 FOR 10000 
MSB La OH t0 FOR 14500 
1».« EA OR 10 FOR MOW 
»Sft EA OR 10 FOR ISO CO 
U96 Ea OH 10 FOR 15400 
0 FOR 1 690 
9 FOR t»?94 
l ?.» 

1 405 
1 i » 

1 595 
I 9 95 
* use. 

Cassette Software: 

I tia*a caikoll* uoMwir* 

Mill} IW 11*1 (i*B 1996-114 (»| 
«•!*• SfMdal Pdc* 1 fw »J 95 
1 Tot 110.03. 0 To* 119.40 
10 To* 128 50. 30 lot 140.00 

«* l*t Mat MNKl tb dlHwMYl CAY- 
MHlaa (m> tholcel •( »lo* MdOOH* 


SPECIALS 

IBM COMPATIBLE 
COMPUTERS 

Ftiptop Case, Keyboard. 
P/S and molhurbonrd up 
and hiwwiq Call Tor do 
lads 

5399.00 ea * 5 00 SAM 

LNA's 

90' Kolvin, Halt cun 

tamed electronic powa 
to* wiih leediHJm. 

$59 95 ea * 5 00SH 
2/5100,00 


SHIPPING INFORMATION: PLEASE INCLUDE 10% OF ORDER FOR SHIP 
PING AND HANDLING CHARGES (MINIMUM $2.50. MAXIMUM $10) CA 
NADIAN ORDERS. A0D$7.50 IN US FUNDS MICHIGAN RESIDENTS ADD 
4% SALES TAX, FOR FREE KTfcH. SEND Ot STAMP OK SA£>£. 


% 



HAL-TRONIX, INC. ^ 

12671 Dlx*Toledo Hwy f 3131 261*7773 

P.O. Box 1101. Dept C Hour* "HAL" HAROLD C NOWLANO 

Southgate, Ml 48195 12:00,6:00 EST MonSat 
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W6SAI BOOKS 

published by Bill Orr, W6SAI and Stu Cowan, W2LX 
BEAM ANTENNA HANDBOOK 

Completely revised end updated with (he latest computer generated informa¬ 
tion on BEAM Antenna design. Covers HF and VHf Yagis and 10. 18 and 24 
MH? WARC bands Everything you need to kr.ow 204 illustrations, 268 
pages 198b Revised tsl edition 

1 RP-BA Sottbound $9.95 


SIMPLE LOW-COST WIRE ANTENNAS 

Primer on how to-build simple low cost wire antennas Includes invisible 
designs tor apartment dwellers Full ol diagiams and schematics 192 
pages 1972 2nd edition 

RP-WA Sottbound $7.95 


ALL ABOUT CUBICAL QUAD ANTENNAS 

Simple to build, lightweight, and high perlormance make the Quad at OX ers 
delight Everything Irom the single element to a multi-element monster A 
wealth ol information on construction, tootling tuning and installing the 
quad antenna 112 pages 1982 3rd edition 

RP-CQ Sottbound $6.95 


THE RADIO AMATEUR ANTENNA HANDBOOK 

A wealth ol projects that covers verticals, long wires, beams as well as 
plenty ol other interesting designs II includes an honest ludgcmcnt ol gan 
figures, how In sile your antenna lor the best performance, a look at (tie 
Yagi-Quad controversy, baluns. slopers. and delta loops Piaclical antenna 
protects that work! 190 pages 1978 1st edition 
RP-AH Sottbound $7.95 


Please enclose $3.50 for shipping and handling -vis<l. 


ham.- 

radio „ 


BOOKSTORE 


^GREENVILLE. NH 03048 


(603) 878-1441 
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VHF Yagi 
CAD 

on the C-64 

Use the popular 
VK4ZF program 
to design up to 
40 elements 
on a single boom 

When VK4ZF's article, "Computer- 
aided Design of Long VHF Yagi 
Antennas,” appeared in the May 
issue of ham radio,' I decided to con¬ 
vert his design program, written for 
the Apple ME, to run on the Com¬ 
modore 64. Figure 1 lists the revised 
program. 

The most significant conversions 
appear in the section of the main pro¬ 
gram that reads back data files (lines 
1130-1190) and in the file saving pro¬ 
gram shown in fig. 2. All the com¬ 
mands to the printer required 
modification, especially with the ad¬ 
dition of lines 5000-6220 to provide 
decimal alignment of the numerical 
results. The data tables from the ori¬ 
ginal article must be typed in using 
the program shown in fig. 2. 

reference 

1. David G. Hopkins, VK4ZF, "Computer aided 
Design of Long VHF Yagi Antennas," ham radio, 
May, 1986, page 28. 


By Olin K. McDaniel, Jr., 

W4PFZ, 1327 Pinckney Avenue, 
Florence, South Carolina 29501 


fig. 1. W4PFZ's revision of VK4ZF's Yagi design program runs on Commodore 64. 

READY. 


5 REM •« 

10 REM 
IS REM 
20 RED 
25 REH 
30 REM 
35 REM 
40 REM 
45 REM 
50 REM 
55 REM 
60 REM 
65 REM 
70 REM 
75 REM 
BO REM 
05 REM 
SO REM 
100 REM 
110 REM 
120 REM 
160 PR I NT”CCLR)".GOSUB 1B20 

170 PRINT”CCLR)”:DIM 5PC40),D5C40),T5C40),LEC45),LESC45),DSSC45):Q$“”3333” 

100 REM-LOAD ELEMENT SPACING DATA- 

190 DATA.240,.075,.100,.215,.250,.200,.300,.315,.330,.345 
192 DATA.360,.37S,.305,.390,.395,.400,.400,.400,.400,.400 
194 DATA.400,.400,.400,.400,.400,.400,.400,.400,.400,.400 
196 DATA.400, .400, .400, .400, .400, .400, .400, .400, .400, .400 
200 FOR X-1T0 40 
210 READ SPCX) 

220 NEXT 

230 REM-LOAD REFLECTOR MULTIPLIER- 

235 DIM REC16) 

240 DATA.4905, .4900, .4005, .4B7S, .4065, .4855, .4045, .4035 
245 DATA.4825, .4020, .4010, .4705, .4770, .4765, .4750, .4740 
260 FOR X-1T016:READ RECX);NEXT 

270 REM-LOAD RADIATOR MULTIPLIER-- 

200 DIM 0RC16) 

290 DATA.4675,.4665,.4640,.4620,.4601,.4505,.4575,.4550 
295 DATA.4530,.4515,.4500,.4460,,4435,.4430,.4400,.4305 
300 FOR X—1T016:READ DRCX);NEXT 

330 REM-SELECT ELEMENT MATERIAL SIZE- 

315 DIM ELC16) 

320 DATA.003,.0035,.0042,.005,.0056,.0063,.007,.0070 
325 DATA.0080, .01, .01145, .0131, .015, . 0165, .0102, .02 
330 FOR X-1T016:READ ELCX):NEXT 

340 REM-INPUT DESIRED PARAMETERS- 

350 PRINT”tCLR)WHAT IS THE CENTER FREQUENCY OF THE ANTENNA IN MHZ.’’: INPUT F 

360 PRINT”CC/DN)HDW MANY ELEMENTS DDES THE ANTENNA REQUIRE” :INPUT N 

370 PRINT:IFN<9 OR N>40THENPRINT”CRV0N7NUMBER OF ELEMENTS MUST BE BETWEEN 9 AND 
40” 

375 IFN<9 OR N>40 GOTO 360 

300 PR I NT“WHAT IS THE DIAMETER OF THE BOOM IN MILL I METERS“:INPUT 80 

390 PRINT:PRINT”ARE THE ELEMENTS TO BE INSULATED FROM THE BOOM? Y-YES, N-NO 

400 GET AS: IF AS-’ 1 ” GOTO 400 
410 IF AS-’Y” THEN 1-1;GOTO 450 
420 IF AS-”N" THEN I-0:G0T0 450 
430 GOTO 400 

440 REM-DISPLAY SPECIFICATIONS- 

450 PRINT”CCLR)”:PR INT’’SPECIF I CAT I DNS FOR THE ANTENNA TO DESIGN”:PRINT:PRINT 
455 PR I NT”1. DESIGN FREQUENCY: ”;F MHZ" 

460 PRINT”2. DIAMETER OF BOOM: ” ; BD ; ” MM” 

470 PRINT”3. NUMBER OF ELEMENTS: ”;N 

400 IF 1-1 THEN PRINT”4. ELEMENTS ARE TO BE INSULATED FROM THE BOOM'' 

404 IFI-OTHEN PR INT”4. ELEMENTS ARE TD BE ELECTRICALLY CON-NECTEO TO THE BOOM” 

490 IF C BD/1000)/(299.792/F) <.05 GDTOSOO 

491 IFfBD/1000)/(29S.792/F)>.05THENPRINT”CC/DN)CC/DN) BOOM DIAMETER TOO LARGE FD 
R THIS”, 

492 PR I NT’’FREQUENCY ” : PRINT”CC/DN) CC/DN) ” : PR I NT ’’ENTER A SMALLER DIAMETER” : INPUT B 
D:G0TD440 

500 REM-CHECK SPECIFICATIONS- 

S10 PR INT’’CC/DN) CC/DNXC/DNJ ” : PR I NT ’’ARE ALL THE ENTRIES CORRECT, Y-YES, N-NO"; 

520 GET AS: IF AS-””60T0 520 

S30 IF AS-”Y” GOTO 6S0 

540 IF AS-“N” GOTO 560 

550 GOTO 520 

560 PRINT”WHAT IS THE NUMBER OF THE INCORRECT ENTRY”:INPUT X 

570 IF X<>4 GOTO GOO 

500 IF 1-0 THEN I-1 : G0T0 440 

590 IF 1-1 THEN I-0:GOTO 440 

600 INPUT“WHAT IS THE CORRECT UALUE”;CU 

610 IF X-l THEN F-DJ 

620 IF X-2 THEN BD-CU 

630 IF X-3 THEN N-CU 

640 GOTO 450 

650 REM-CALCULATE BOOM DIAMETER WAUELENGTHS- 

660 U-299.792/F 
670 BLI-BD/ 1000/W 

600 BC-BD*C526.286*BUn .648031/100) 

690 REM-CALCULATE BOOM LENGTH- 

700 TL-0 


YAGI DESIGN PROGRAM 
BY 

OAUID G. HOPKINS (UK4ZF) 
#4 HANDSUORTH ST 
CAPALABA 
QLD. 4157 
AUSTRALIA 


MODIFIED FOR COMMODORE 64 
BY 

OLIN K. MCDANIEL (W4PFZ) 


PROGRAM BASED ON WORK DONE BY 
GUNTER HOCK CDL6WU) 

AND PUBLISHED IN 
’UHF COMMUNICATIONS’ 
REQUIRES THE USE OF A PRINTER 
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POPULAR PA 19 
Wideband Preamp 


Over 8.000 sold since 1976 
0.5 - 200 MHz bandwidth 
19 dB gain 
50 S’ in/oulpul 

Increase sensitivity ot receivers or 
counters 

Built, tested & ready-to-go 

ONLY $9.95 PPD 


NEW POCKET SIZED 
500 MHz Freq. Counter 


• Compact design pocket sized 

• Measures frequency Irorn t MHz to 500 
MHz to within 1 kHz 

> Built-in telescoping 
'antenna 

• Uses 1 standard 
9 volt battery 

• All units pre-tested and 
calibrated to 001% 

• Professional and dependable perfor¬ 
mance at a low cost 

ONLY $49.95 PPD 


DIGITREX 

Division of NCI 

10073 N. Mary Ann, Northville, Ml 48167 
(313) 348-7313 
WEST COAST DISTRIBUTOR 

R. LUKASZEWICZ 

2061O ALAMINOS DRIVE SAUGUS. CA 91350 
(80S) 252-6021 




More pages, more products-and it's 
hoi off the press 1 Get the new 1986/7 
DICK SMITH ELECTRONICS Catalog 
and find anything for the electronics 
enthusiast The data section alone 
is worth the price of admission Send 
for your copy today 


Please reserve my copy of ihe 1986 Dick Smith 
Catalog I enclose $1 to cover shipping 

Name 


Address 


090 


City. 

Zip 

DTCK 5MIIH CUCTBONICS INC 
P Q 0O* 7749 PfKtmrood City CA 94063 
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720 FOR X-iTO N-l 
730 D5CX >~SPOf}-Ui-!000 
?40 TL-TL*DSOi 
7S0 NEXT 

7BO PG-CTI./10OO i/U 

770 REM--CALCULATE BEAU WIDTHS AND STACKING DISTANCES-- 

7 B 0 BH-50 2709-PGt- .484091 SH-W/(2- < S INC BH/2- . Ol 74533 > 3 5 
7S0 BU-66 .5112-P61- . 6172B1 . SU-W / i2- (S IN i Bu/2- . 0174533) ):» 

735 PA-INTY C7.S-? LDGtPGJ/LOGUO.) )*9.2)»1000* .55 5/1000 

BDO REM----PRINT PRELIMINARY DATA-— 

BIO PR I NT”(CLR)“ 

B20 PRINT" YAGI PRELIMINARY DATA“:PRINT 

B30 PR I NT"FREQUENCY ’’ ; F;“ MHZ." 

B40 PR I NT"WAUf LENGTH ", I NTCW-30000)/1OOOO. " METERS" 

B50 PRINT"W OF ELEMENTS ",N 

HBO PRINT"DIAMFTER OF BOOM " ; BD;“ MILLIMETERS” 

B70 PR INT"ELECTRI CAL BODMLENGTH ". I NTCTL5;" MILLIMETERS" 

eeo pr i nt"boom yAus ;lengths m .pg 

B90 PR I NT"MAXI MUM PRACTICAL GAIN".PA;" DBD" 

300 PR I NT "HORIZONTAL BEAM WIDTH “ . PRINT INTC BH*100* .5 5/100. ; F’R I NT "DEGREES" 

310 PRINT-UERTICAL BEAM WIDTH ";:PRINTINT<Bu-100*.5J/100. PRlNT"DEGREES" 

320 PRINT-CC/UN) STACKING DISTANCES" 

330 PRINT" HORIZONTAL ; : PR I NT I NT C SH* 1000* .555/1000 ; : PR l NT “ METERS" 

940 PRINT" UERTICAL PR IN11 NT(Su- 1000+ . 55:» / 1000. PRINT" METERS" 

9S0 PRINT"CC/DN)CC/DNJ" PRINT"D0 YOU WISH TO CONTINUE WITH THIS DESIGN Y-Y? 

S. N-NO" 

960 GET AS IF as-"" GOTO 9B0 
970 IF OS--Y" GOTO 1000 
900 IF AS-"N" GOTO 440 
990 GOTO 9BO 
1000 PR I NT ”( CS. R > " NU-0 

1010 PRINT:PRINT"V0U MAY USE ANY OF THE FOLLOWING TUBING SI2ES FOR THE ELEMENTS" 
1020 PRINT:PR I NT"SELECT THE SIZE CLOSEST TO A COMMERCIAL TUBE SIZE" 

1030 FOR X-iTO 16 
1040 NU-NU*1 

1050 PRINT *'l» ”, X; : PR I NTTABf 15)I NTC CCELCX)-W)-1000)•1000* .SS 5/1000. 

10SS PRINT" MM" NEXT 

1070 PR I NT"CC/DNJ CC/ON)CC/ON)":PR I NT"ENTER THE W OF THE TUBING SIZE YOU WISH TO 
USE":INPUT TSS 
107S TS-UALCT5S) 

10B0 IF T5<NU OR TS-NU THEN 1100 

1090 IF T5>NU THEN PRINT”CRUON) ERROR (RUOF ) **:PRiNT"HIT ANY KEY TO CONTINUE" 

1093 IF T5>NU THEN GET AS:IF AS-"" THEN 1093 
1096 GOTO 1000 

1100 TT-ELCT5) TDCD-TT-W-1000 

1110 PRINT-CCLR)":PRINT"STAND BY - THIS WILL TAKE A FEW SECONDS" 

1120 REM--LOAD TUBING SIZE TABLES- 

1125 DIM AS< 39) 

1130 NS- "ClJRUE “ . N2S-NS* TSS 

1135 OPENIS.8.IS 

1140 OPEN2.B.2,"0:“ *N2S* " , S, R’’ 

1150 FOR X-ITO 3B 
11GO INPUT*?,TSCX) 

1180 NEXT 

1190 CLOSES:CL0SE15;CLOSEB 

1200 REM----CALCULATE ELEMENT LENGTHS-— — 

1210 FOR X-3 TO 42 

1220 IF 1-1 THEN LE(X)-W*TS(X-2)“1000 
1225 IF i-0 THEN L£(X)-W*TS(X-?)* 1000*EC 
1230 NEXT 

1240 LEY 15-W-REC T5)*l 000 

1250 IF J-0 THEN LEU)-LE<1)•BC 

1260 LEC2)-U*DR(TS)-1000 

1270 IF I-0 THEN LE<2)-LE<2)*BC 

I2B0 PRINT-CCLR)" 

1290 PR INI"PRESS ANY KEY WHEN PRINTER IS READY" 

1300 GET AS IF AS-*" GOTO 1300 
1304 0PEN4,4:CMD4 
1306 PRINTH4 

1310 PRINTH4." YAGI DESIGN DETAILS: 

1320 PRINT"4,"---------** 

1330 PRINT«4,"CC/DN>CC/DN>" 

1335 GOSUB 5000 

1340 PRINTH4.“DESIGN FREQUENCY: ” :SPCC37-AA) ; FS ; " MHZ.": 

I3S0 PRINTH4."WAUELENGTH- ";SPCC 3B-BB) ; WS ; ” METERS" 

1360 PR I NT*4,"NUMBER OF ELEMENTS ";SPCC36-NN ) .NOS: 

1370 PRINTH4 . "DIAMETER OF BOOM. ”; SPCC 36"CC) ; BDS ; " MM"; 

1380 PRINTH4. "DIAMETER OF ELEMENTS ". SPC ( 37-DD 5 . TDS . “ MM" 

1390 IF 1-1 THEN PRINT»»4." ’ELEMENTS ARE INSULATED FROM THE BOOM’" 

1391 IF 1-0 GOTO 1394 

1392 GOTO 1400 

1394 PRINTH4," ’ELEMENTS ARE ELECTRICALLY CONNECTED TO THE BOOM”’ 

1400 PRINT*4 . ELECTRICAL BOOM LENGTH: ” ; SPCC r?8“EE) ; TI.S ; " MM"; 

1410 PRINTH4,’’BOOM UAUELENGTH5: " , SPCC 32-FG) , PGS . 

1420 PRINTH4."MAXinUM PRACTICAL GAIN “;SPCC30-FF);PA;“ DBD": 

1430 PRINTK4,"HORIZONTAL BEAM WIDTH: ”;SPCC29-GG);BHS;” DEGREES”; 

1440 PR I NT*4,"UERTICAL BEAM WIDTH: ";SPCC29-HH),BUS," DEGREES" 

1450 PR I NT#4. "HORIZONTAL STACKING D I STANCE ■ ’’; SPCC 30-I I) ; SHS ; *’ METERS": 

1460 PR INT*4."UERTICAL 5TACKIN6 DISTANCE: ".5PC<30-JJ>;5US," METERS”: 

1470 PR1NTR4,"(C/DN)CC/DN}" 

1480 PR I NT *4," ELEMENT LENGTH. MM. DISTANCE FROM REFLECTOR, MM." 

1430 PRINTH4."- 

1500 PR I NT*4,”(C/DN)” 

1510 PR I NT H4,"REFLECTOR",SPC(15 • KK).LESC1J,SPCC29);”0": 

1520 PRINT# 1 !, “IJRluEN ELEMENT SPC( 10-LL) ; LESC 2.1 ; SPCC 37-LL-LZ ) . SPSU ) : 

1530 PS-SPC n-w-iooo 
1540 FOR X-3 TO N 
1545 PS-PS*SP(X~1>-W1000 
1550 GOSUB GCOO 

1560 PRINTW4, ’DIRECTOR W";X-2;SPC113-MM-MN),LES C X).SPC(37-MB -NN).PSS_ 
















“ ;SPC( 17-QQ);DSS t 15: 


TO 0|R ”;X-l;SPCCl?-DO-nO);OSS(X): 


ME XT 
PR INTM4 

PRINTN4." ELEMENT SPACING IN MILLIMETERS 

PR I NTM4, M —————---——- 

PRINT#4 
GOSUB 8100 

PRINTH4,“REFLECTOR TO DRIVEN ";SPCC17-00);OSSC15: 

PRINTH4 , "0R1UEN TO DIRECTOR 1 **. SPC( 17-PP ) - DSSC25 : 

FOR X-3 TO N~1 
GOSUB 6200 

PR.INTN4,"DIR";X-2; SPC(H-MN) ; ” TO DIR ";X-1 ;SPCC 1V-0Q-M0) ;0SSCX5 : 

NEXT 

PR INT*4:PR1NT*4:PR INT*4. H NOTES" 

PRINTM4.PRINTM4,”1. THE DIMENSIONS ARE FROM CENTER TO CENTER IN ALL CASES." 
PRINTH4," FOR EXAMPLE THIS MEANS THE BOOM MUST BE CUT LONGER THAN THAT” 
PR I NT M4,” GIVEN TO BE ABLE TO MOUNT THE ELEMENTS." 

PR I NT*4,“2. IF YOU WANT WIDE BANDWIDTH, USE A FOLDED DIPOLE AS THE DRIVEN E 

PRINTH4,”3. THE DRIUEN ELEMENT DIMENSION IS THE LENGTH OUERALL." 

PRINTH4."4. YOU MUST WORK TO AN ACCURACY OF <1MN AT FREQUENCIES ABOUE 400 M 

PRINT#4. M 5. ACCURACY BELOW 400 MHZ SHOULD BE WITHIN 1.5MM." 

PRINTH4,”6. ELEMENT MOUNTING MUST BE BETTER THAN .SMM OF THE ELEMENT CENTER 

PRI NT'*(CLR5 " : FOR X-l TO Q: PR I NT*4 ; NEXT 
END 

GOTO 17B0 

PR1NT"(CLR5 PRINT: PRINT" THIS PROGRAM WILL DESIGN- 

PRINT" YAGt ANTENNAS WITH ANY NUMBER" 

PRINT” OF ELEMENTS FROM S TO 40." 

PR JNT"(C/DN3(C/DN)(C/DN)" 

PRINT" THE PROGRAM IS BASED ON ARTICLES" 

PRINT" BY GUNTER HOCK AND PUBLISHED" 

PRINT" IN ‘UHF. COMMUNICATIONS*." 

PR I NT"CC/DN) CC/DN3 CC/DN3 ** 

PRINT" YOU WILL REQUIRE A PRINTER- 

PRINT" TO OBTAIN USABLE RESULTS." 

PRINT"CC/DNMC/DN} CRUON) PRESS ANY KEY TO CONTINUE (RVDF5" 

BET AS.IF AS-""GOTO 1300 
PR I NT"(CLR3” 

GOTO 170 
END 

F-INT(F-10D*.55/100 

FS-STRSC INT(F))*" . "*RIGHTSCSTRS(F*1003,25 : AA-LENCFS} 

WS-STRSCINT(W*1000)/1000):BB-LEN(WS) 

NOS-STRSC INTCN5 3*" . "*-R IGHTSCSTRSCN* 105,1 5 : NN-LENC NOS) 

BD-INTCBD-10*.53/10 

BDS-STRSCINTCBD)5+"."*RIGHTSCSTRSC BD*10),1 ): CC-LENCBUS) 

TDt1)-INTCTDC15*100+.55/100 

TDS-STRSCINTCTDCl)))*"."+RIGHTS(STRSCTD(1)-1005,2):DD-LEN<TDS) 

TLS-STRSCINTCTL5):EE-LENCTLS5 
PG-1NTC PG*1000>.55/1000 

PGS-STRSC INTCPG))'^", "♦RIGHTSCSTRSC PG* 1000) ,3) : FG-LENCPGS5 
PAS-STRSCPA):FF-LEN(PAS5 
BH-INTCBH*100*.55/100 

BHS-STRSC I NT C BH 5 5 * " . **+R IGHTSCSTRSC BH-100 5,2). GG-LENC BHS 5 
BV- l NTCBV-100*.55/100 

BUS-STRSCI NT C BV 5 3 1 "."+RIGHTSCSTRSC BU-100).2 5:HH-LENCBUS) 

SH-INTCSH*1000*.55/1000 

SKS-STRSCINTCSH5)+"."*R1GHTSCSTRSC5H*1000),35:II-LENCSHS) 

SU-INTCSU-1000*.55/1000 

SUS-STRSCINTCSU))♦","*RIGHT$CSTRSCSU-10005.35:JJ-LENC5US) 
LEC15-INTCLEC15-10*.S5/10 

LESC15-STRSCINTCLEC15))*","*R1GHTSCSTRSCLEC13*10),15:KK-LENC LESC1)5 
LEC2) - INTCLEC25*10*.S)/10 

LESC25-STRSCINTCLEC2555*"."*RIGHTSCSTRSCLEC2)*105,13;LL-LENCLESC23 3 
SPSCl5-5TRSCINTCSPC15“U*1000)3*“."*RIGHTSCSTRSCSPC1)-W*l000"10),15 
LZ-LENCSPSC1)5 
RETURN 

LEC X 5 -1 NT(t.E( X 5*10*.55/10 

LESCX5-STRSCINTCLECX55)♦“.“*RIGHTSCSTRSCLECX5-10),1):MM-LENCLESCX)5 
! ELS-STRSCINTCX-2)).MN-LENCELS5 
PS-I NTC PS*10*.55/10 

PSS-STRSC I NT CPS 5 ) + ". *’+RI GHTS C STRSC PS* 10) , 1) : NN-LENC P5S 5 
RETURN 

DSC15-INTCDSC 15-10*.55/10 

DSSC15-STRSCINTCDSC1)))*"."*RIGHTSCSTRSCDSC 15-105,15:0D-LENCDSSC1)5 
DSC 25-1NTCDSC2)-10*.55/10 

DSSC2 5-STRSC I NTCDSC25 5 )■*" , "*RIGHTSCSTRSCDSC2)"10 5,15: PP-LENC D5SC2) 5 
RETURN 

DSCX5-INTCDSCX5-10*.55/10 

DSSCX5-STRSCINTCD5CX)))*".-*RIGHTSCSTRSCDSCX5-10),15:QO-LENCDSSCX55 
ELS-STRSC I NTCX-2) 5 : MN-LENC ELS). : EBS-STRSC I NTC X-l 5 5 : MD-LENC EBS 5 
RETURN 


(continued on page 102) 


Invitation to Authors 

ham radio welcomes manuscripts from readers. If you have an idea for an article 
you'd like to have considered for publication, send for a free copy of the ham radio 
Author's Guide. Address your request to ham radio, Greenville, New Hampshire 
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tasks lacing prospective new Amateurs This well 
written text desenbes in great detail Ihe background 
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RF connectors: part 1 

Though the subject of RF connec¬ 
tors has been mentioned here many 
times, time and scheduling have not 
permitted a detailed discussion of this 
seemingly simple and straightforward 
subject. 

I often hear Amateurs make all kinds 
of wild claims, or see them distribute 
misinformation on the subject. These 
stories typically involve power han¬ 
dling, impedance matching, and inser¬ 
tion loss. Also, many Amateurs seem 
unaware of the many types of connec¬ 
tors — besides the so-called "stan¬ 
dard" or preferred types that are 
available. These same Amateurs would 
probably also wonder why so many 
types are required. 

This all reminds me of the story circu¬ 
lated in the early 1950s, just after the 
transistor was invented. The general no¬ 
tion was that all possible applications 
could be accommodated by the de¬ 
velopment of just a few types of transis¬ 
tors! Todaythereare over 10,000 types 
of numbered transistors, and new ones 
are becoming available weekly! 

While there aren't nearly as many ser¬ 
ies of R F connectors available as of tran¬ 
sistors, there surely must be almost as 
many types of distinctly different RF 
connectors and adapters available. 
Therefore, this month's column will 
serve as sort of a primer, in which we'll 
try to sift through the major series of R F 
connectors. Next month's column will 
expand on the various tradeoffs, espe¬ 
cially in the area of applications. Tables 
will help put the whole selection of RF 
connectors in perspective and, I hope, 
help make selection easier in the future. 

overview 

RF connectors are designed to join 
or separate two components or units 
— such as an antenna and a transceiv¬ 


er — with relative ease. They're also 
used to gain access to a specific unit. 

The proper choice of an RF connec¬ 
tor type is particularly important when 
considering frequency of operation, 
passing high level RF power, or con¬ 
necting to a low-noise preamplifier. It's 
also necessary if you're using a modu¬ 
lar approach. Proper connectors per¬ 
mit convenient access to a unit so that 
adjustments can be made without dis¬ 
assembling or disturbing the circuit un¬ 
der test. 

The actual choice of an RF connector 
depends on many things: application, 
availability, relative cost, electrical per¬ 
formance, mechanical durability, and 
environmental conditions. The choice 
of an optimum RF connector for a spe¬ 
cific application, therefore, isn't always 
possible. Trade-offs are often 
necessary. 

Furthermore, connectors are availa- 
blein manyforms. They may be thread¬ 
ed, bayonet, snap-on, or push-on. They 
may also be used on standard coaxial 
line, Triax™ (cable with two separate¬ 
ly isolated braids for maximum shielding 
effectiveness), or Twinax™ (for con¬ 
necting to95-ohm balance line such as 
RG-22). The connector may be male, fe¬ 
male, or neither. 

An R F connector may be used either 
to terminate a transmission line, an in 
series or between-series adapter, a 
panel mount, or feedthrough. What's 
the method used to attach to the con¬ 
nector to the line? Is it a solder connec¬ 
tion, screw-on, push-on, orcrimptype? 
Is the center pin free-floating or captive? 
Or is it fabricated from the actual trans¬ 
mission line center conductor itself, 
such as with RG-17 and UT-141 semi¬ 
rigid coax. 

Basically speaking, RF connectors 
can be separated into three main fami¬ 


lies; standard, miniature, and subminia¬ 
ture. Standard connectors are for 
cables that are larger than 0.25 inches in 
diameter. Miniature connectors fit cable 
measuring between 0.10 and 0.25 
inches. Subminiature connectors are 
sized for cables measu ring less than 0.10 
inches in diameter. 

RF connector series 

Table 1 is a list of most of the major 
series in common use, along with some 
technical data. More data will be provid¬ 
ed in next month's column. 

The UHF connector was the forerun¬ 
ner of most of the modern RF connec¬ 
tors. Developed in the mid-1930s, it was 
inexpensive and easy to assemble and 
use. It quickly became an industry stan¬ 
dard . The most common types used by 
Amateurs are the PL-259 plug and the 
SO-239 chassis mount. 

Unfortunately the UPIF connector 
series doesn't have a constant im¬ 
pedance and is therefore usually limited 
to 500 MHz and below; in fact, I 
wouldn't recommend using UHF con¬ 
nectors above 150 MHz. What's more, 
it's not weatherproofed and therefore 
can't be recommended for outdoor use. 

Connector development was spurred 
on by radar and VHF communications 
gear designed during WW II. Later 
progress resulted from the development 
of more demanding applications, espe¬ 
cially at the higher microwave and 
millimeter-wave regions. 

The type IVI connector — supposed¬ 
ly named for its inventor, Paul Neill of 
Bell Labs — was one of the first 
developed for both the VHF and UHF 
frequencies. Its most significant contri¬ 
bution to the state of the art was the ad¬ 
dition of the separate outer contact, 
which wipes against the female body 
jack. 
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Table 1. This table contains some of the more pertinent parameters of the major series of RF connectors in 
common use. 


Type 

Outer diameter 

Impedance 

Thread size 

Maximum 


typical (inches! 

Ohms 

(inches) 

Frequency 

APC-3.5 

0.312 

50 

1/4 36 

34 GHz 

APC-7 

0.880 

50 

11/64-24 

18 GHz 

BNC 

0.568 

50 or 75 

NA 

4 GHz 

C 

0 750 

50 

NA 

10 GHz 

EIA 

1 to 7 

50 

Note 1 

Note 1 

F 

0.500 

75 

3/8 32 

500 MHz 

GR 

0.812 

50 

NA 

4 GHz 

HN 

0.875 

Note 2 

3/4-20 

10 GHz 

JCM 

0.312 

50 

1/4-36 

4 GHz 

LC 

1.500 

Note 2 

1 1/4 18 

1 GHz 

LT 

1.500 

50 

1 1/4 18 

1 GHz 

MHV 

0.562 

Note 2 

NA 

50 MHz 

N 

0.825 

50 or 70 

5/8 24 

11 GHz 

RCA Phono 

0.375 

Note 2 

NA 

30 MHz 

SC 

0.812 

50 

11/64-24 

11 GZHz 

SM 

0.312 

50 

1/4 32 

200 MHz 

SMA 

0.312 

50 

1/4 36 

12.4 GHz 

SMB 

0.250 

50 or 75 

NA 

4 GHz 

SMC 

0.250 

50,75.95 

10-32 

10 GHz 

SSM 

0.250 

50 

10-36 

26 GHz 

TM 

0.425 

50 

5/16 32 

10 GHz 

TNC 

0.625 

50 

7/16-28 

10 GHz 

Triax 

1.000 

Note 2 

7/8-20 

10 GHz 

Twinax 

.875 

78 to 125 

several 

200 MHz 

UHF 

.750 

Note 2 

5/8 32 

300 MHz 


Note 1. Depends on diameter. 

Note 2. May be used at 50 to 75 ohm impedances if matching is not a problem. 


The N connector has a constant im¬ 
pedance and is usable to at least 11GHz. 
Its gasket seals were later improved 
along with the braid clamp, making it an 
excellent choice for outdoor use. 
Amateurs usually prefer the UG-21 and 
UG-58plug and jack, respectively. One 
caution: N connectors are sometimes 
made for 70-ohm impedances. To ac¬ 
complish this, thediameterof thecenter 
pin is very small. Inserting a 50-ohm 
male connector into a female 70 ohm 
type will break the receptacle pin. Also, 
if a 70-ohm male "N" is inserted into a 
50-ohm female N connector, there may 
be no electrical contact. I've seen these 
70-ohm N connectors at flea markets, 
so beware. If you're notsure, compare 
the pin diameters with a known 50-ohm 
connector. 

The type C connector, developed by 
Carl Concelman, is similar to the N con¬ 
nector. It was the first connector to use 
the bayonet-lock mating system so that 


it could be easily connected or discon 
nected. Though it's not as popular as 
the N connector, it's usable to at least 10 
GHz. 

Usable to4 GHz, the BNC connector 
— quite popular with Amateurs, espe¬ 
cially in the VHF and UHF region — has 
a bayonet-lock. Its name is said to der¬ 
ive from its developers, Neill and Con¬ 
celman; hence its name, BNC, for 
(B)ayonet, (N)eill, and (C)oncelman 
The UG-88 plug and the UG 290 chas¬ 
sis jack are the most common BNC con¬ 
nectors seen in Amateur equipment. 
BNC connectors are sometimes availa¬ 
ble as 75-ohm connectors; the cautions 
about "N" type connectors apply to 
BNC connectors as well. 

TheTNC, an improved or "threaded" 
version of the BNC connector, has a 
more positive contact on the body and 
hence is recommended over the BNC 
connector, especially above 500 MHz. 
It's rated up to at least 10 GHz; a preci¬ 
sion version is rated to 12.4 GHz. 


Widely distributed by the Omni Spec¬ 
tra Manufacturing Corporation, which 
called it an "OSM" connector, the 
SMA connector is now manufactured 
by many companies. This connector, 
defined as a miniature type, is popular 
on UHF and above, especially where 
low-loss, constant impedance, and 
small size are required. 

The SMA connector was primarily 
developed to mate with 0.141-inch 
semi-rigid metal jacketed cable 2 . In the 
early 1970s, the E.F. Johnson Company 
introduced the JCM connector, a 
lower-frequency version of the SMA 
connector which is specified to4 GHz 
and also mates with RG-174 miniature 
flexible cable. This low-cost connector 
is very popular in UHF applications. 

SSM subminiature connectors were 
designed later. Primarily suited for 
0.085 semi-rigid coax, these work up to 
26 GHz. Improved SSM connectors will 
work up to 40 GHz! 

The SM B and SMC connector series 


78 Q3 September 1986 




is primarily used in video and IF equip¬ 
ment, where small-diameter flexible ca¬ 
bling isused. The SMB is threaded; the 
SMC is a push-on type. Both are rela¬ 
tively inexpensive; SMC is the more 
common of the two, especially on mili¬ 
tary equipment. 

The APC 3.5 is the ultimate in preci¬ 
sion. Resonance-free through 34 GHz, 
it will mate directly with the SMA con¬ 
nector series. 

The APC-7isan expensive precision 
connector used primarily for 0.250-inch 
semi-rigid coax. It’s a hermaphrodite, 
which making it an excellent connector 
for instrumentation. 

An EIA connector is very unusual in 
that it doesn't have a threaded or bay¬ 
onet connection. Instead it consists of 
body and moveable flange that's bolted 
to the mating connector. It's primarily 
used on air lines, where low- 
loss, high-power 7/8 to 61/8-inch lines 
such as on Heliax (TM) are used. 

The inexpensive "F" connector is 
popular on CATV installations, espe¬ 
cially for connecting units together with 
RG-59-type 75-ohm cable. Usually a 
crimp-type, it often uses the center wire 
of the cable for the center pin. Unfor¬ 
tunately, it's not rugged, wea¬ 
ther-proofed, or very usable above 
about 300 MHz. 

General Radio Corporation designed 
the GR connector primarily for instru¬ 
mentation — hence its initials. A her¬ 
maphrodite push-on type connector 
most commonly seen as the G-874 or 
GR900 types, it's especially good on 
patch panels and where equipment 
must be frequently connected or dis¬ 
connected. 

The HIM connector is basically a 
larger-diameter offshoot of the N con 
nector with a higher voltage rating. It's 
primarily used with large-diameter (7/16 
to 7/8-inch) cables when breakdown 
voltages up to 5000 volts are required. 

LC and LT connectors are large and 
very similar. They're usually seen where 
high voltages or high power are re¬ 
quired. Often used with RG 17-type 
coax, both of these connector series use 
the mating cable with its dielectric as the 
center portion of the connector. 

The MHV connector may at first 


appear to be a BNC connector, but 
that's where the similarities end. The 
MHV is primarily designed to handle 
high voltages (up to 5000 volts) with a 
quick connect/disconnect capability. 
This feature is especially useful for high- 
voltage power supplies for tube type 
amplifiers, as described in reference 3. 
The MHV is seldom used for passing 
RF. 

Normally I wouldn't even mention 
RCA phono connectors, except that I 
often see them on older commercial 
gear through 500 MHz! They're definite¬ 
ly not recommended for RF use above 
30 MHz because they have no specific 
impedance properties. They're best 
suited for audio and control circuits 
where shielded cables are required. 

The SC connector, a screw-on ver¬ 
sion of the C connector, is often used in 
applications requiring higher voltage 
than the C connector can handle and 
where environmental conditions are 
more severe. 

The SM connector isn't too com¬ 
mon. It's not weatherproofed and is 
recommended only for IF work. It may 
be used at different impedances if 
match isn't important. 

A subminiature version of the SMA 
connector, the SSM is primarily used 
where the smallest possible size and 
highest possible frequency are required. 

TheTM series isn't often seen. Basi¬ 
cally, it's a 2/3 size version of the TNC 
connector sometimes seen on IF con¬ 
nections. 

The Triax and Twinax connector 
series are used when balanced lines are 
required. The Triax type allows a cable 
with two insulated shields to be used. 
The Twinax connector provides for 
superior shielding. Some Twinax con 
nectors are polarized, while others are 
not. They're popular on video transmis¬ 
sion and computer installations. 

adapters 

So far we've been discussing only 
coaxial connectors such as plugs, jacks, 
and chassis types. But other R F connec¬ 
tors function as adapters, both within 
and between series adapters. 

There may be as many different RF 
adapter types as cable connectors. The 
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HAM DATA 

C-64 Software 

SUPER LOG 

Super log gives you all the advantages ol a com¬ 
puterized data base without significantly changing Ihe 
traditional log formal For conlesters. Super Log can 
he configured tu cither manually or automatically 
enter contact number as well as time ol contact 
Make an error and you can easily go back and edit 
Ihe entry Super Log also allows you to print out 
either selected contents or Ihe whole tog. Will piim 
QSLs 

iHD-SL (For C-64) S19.9S 

CONTEST LOG 

This disk contains lout dillercnt contest programs. 
ARRL Sweepstakes. Field Day. Universal WW Contest 
log. plus a dupe checking roulme Each program is 
designed for real lime use II automatically enters 
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print your results listing all duped and scored con- 
lads in serial sequence with all the necessary inlot 
oration as well as completed score al Ihe bottom ol 
Ihe page 

I JHD-CL (For C-64) S24.95 

MASTER LOG 

Over Ihree years ol development went into this pro¬ 
gram II creates a lile ol 2100 individual records 
with up In 13 dilletenl entires per record Master 
Log can do a search and select based upon time. 
Irequcncy. mode ot any ol Ihe other variable 
parameters It keeps track ol DXCC and WAS states, 
prints OSL labels and can search its whole lile in 
less than 5 seconds' Complete documentation is 
included to help you learn and use this truely state 
ol the-arl logging program 
iHD-ML (For C 64) $ 28.95 

Please enclose $3.50 lor shipping 
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most common ones are probably the 
female-to-female or male-to-male bar¬ 
rens for connecting cables together in 
the same series. Between-series adap¬ 
ters are also common. Right-angle and 
"T" types are popular since they allow 
flexibility when you want to hook simi¬ 
lar connectors together. 

It's particularly important to choose 
the proper adapter. I often see installa¬ 
tions with two or even three adapters 
placed in series even though there's a 
single adapter available that will make 
the connection. The loss through each 
adapter isabout two to three times that 
of a normal connector. 

Your best bet is to choose a single 
adapter with the desired transition be¬ 
tween series. Flea markets seem to have 
just about every imaginable type. If 
you're in doubt, bring one of your con¬ 
nectors along and check the fit. 

Be particularly careful when using 
adapters outdoors. The more adapters 
used, the more likely it is that moisture 
will seep into one of the connections. 

next month 

Next month's column will go further 
into the mechanical and electrical 
aspects of connector design and use. 


Tips on proper use will also be given. 
This information should aid in your 
choice for the optimum connector for 
your application. 

references 

1. Alton Norm*!/, "A Designer's Guide to RF Connectoi 
Selection," r! design, September/October, 1980. page 
18 

2. Joe Raison. WI JR. “VHF/UHF World: Transmission 
Lines.** ham radio, October. 1985. pagi»83 

3 Joe Reiser!. W1 JR. "VHF /UHF Word: High Power 
Amplifiers Pari ham radio, February. 1985. page 
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Important VHF/UHF Events: 


Sept. 6 7 

International Region 1 VHP 
Contest 

Sepi. 12 

EME perigee 

Sepl. 13-14 

ARRL VHFOSO Party 

Sept. 26 27 

First ARRL 10 GH/ Cumu/a 
live Contest, first weekend 

Oct 4 5 

Mid Atlantic States VHP 
Conference. Warminster. 

PA (contact WA20MY) 

Oct. 4 5 

International Region 1 
UHF/SHF Contest 

Oct, 7 

EME pongee 

Oct. 10-11 

First ARRL 10 GH/ Cumula¬ 
tive Contest, second 
weekend. 

Oct. 20 

Predicted peak of the Ori 
onids Meteor Shower at 

1645 UTC 

Oct. 25/26 

International EME contest, 
first weekend 
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low-cost spectrum analyzer 

with kilobuck features 


Build WA2PZO’s 
useful instrument 
for operating position 
and lab bench 

Although laboratory-grade spectrum analyzers 
cost $4500 or more, you can build a spectrum analy¬ 
zer offering many features of its costlier cousins for 
about $50. How can such amazing capabilities be had 
at such incredibly low cost? 

• Through the use of a commercially mass-produced 
varactor tuned TV tuner that covers the VHP low, VHF 
high, and UHF TV bands. It will tune down through 
the 2-meter and 6-meter Amateur bands without 
modification, with better than 1-microvolt sensitivity. 
By using a crystal-controlled converter and a narrow¬ 
er IF filter, any one of the HF Amateur bands could 
be viewed as well, by simply upconverting to a TV 
channel. 

• Through the use of consumer-grade integrated cir¬ 
cuits in the oscillator!mixer, dual ceramic filter, IF am¬ 
plifiers/detector, and audio amplifier (offering audio 
as well as scope output it is really a spectrum monitor). 

• Through the use of your own oscilloscope. Just 
about any scope may be used; I used a 1951 Heathkit 
Model OL-1 with its original cathode ray tube. 

spectrum analyzer applications 

Spectrum analyzers allow the user to observe in real 
time an adjustable/variable bandwidth of radio fre¬ 
quencies. One of the earliest spectrum analyzers for 
the ham bands was the "Panadaptor," manufactured 
by Hallicrafters in the early 1950s. I used one to check 
for F2 propagation 6-meter band openings in the 
mid-1950s and credit the panadaptor with my earning 
the IARU 6-meter WAC award (phone) issued by the 
ARRL. 

The band of frequencies swept by the spectrum 
analyzer described in this article may be varied from 
zero up to about 38 MHz on VHF low TV = 50 MHz 
- 88 MHz, zero up to about 85 MHz on VHF high 
TV = 135 MHz — 220 MHz, and zero up to about 300 


MHz on the UHF TV = 500 MHz - 800 MHz. When 
the sweep width is set at zero, each of these bands 
of frequencies may be manually tuned just as in a 
single-frequency receiver. Both wideband FM and nar¬ 
rowband FM signals, and surprisingly, even amplitude 
modulated signals are detected quite well by the FM 
IF amp/detector 1C and amplified by the audio 1C. 

Figure 1 is a block diagram of this spectrum analy¬ 
zer using a Sanyo varactor tuned TV tuner. A ten-turn, 
10k pot with +35 VDC across it is used to adjust the 
center frequency of the tuner. A low varactor bias 
yields low frequency and a high varactor bias provides 
higher frequency on the TV band to which the tuner 
is set. The sawtooth sweep voltage that is capacitive- 
ly coupled into the tuner's varactors is the horizontal 
sweep voltage from the oscilloscope. If your scope 
doesn't have the horizontal sweep output (the Heathkit 
OL-1 does not), just mount an RCA phono jack on the 
front of the scope and bring out the horizontal sweep 
from the scope's horizontal multivibrator to this point. 
The 100 kilohm load across the horizontal sweep out¬ 
put should have little or no effect on the scope's 
operation. 

Besides the TV tuner and scope, the rest of the cir¬ 
cuit consists of only three integrated circuits. The 
second mixer/oscillator chip is a Siemens S042P. The 
ceramic filter is a Murata SFJ two-section filter at 10.7 
MHz. The combination IF amp/detector/AGC amp is 
a National LM-3089N, and the 1/2-watt audio amp is 
a National LM-386N. 

construction, testing, and alignment 

Figure 2 is a schematic of the analyzer. A printed 
circuit board is available from WA2PZO; I recommend 
using this and WA2PZO parts kits. (Although the pots, 
S-meter, and speaker aren't furnished, most are avail¬ 
able from Radio Shack.) Figure 2A shows the com¬ 
ponent layout on the WA2PZO printed circuit board 
(foil side down). Alternatively, you could use perfboard 
and point-to-point wiring. 

Figure 3 is a schematic diagram of the interconnec¬ 
tions between the Sanyo tuner, the three-IC printed 
circuit board, and the scope. Once everything is con¬ 
nected as shown in fig. 3, alignment can begin. (It 
should be easy, since there are only four adjustments. 

By Robert M. Richardson, W4UCH, 22 North 
Lake Drive, Chautauqua, New York 14722 
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the ferrite cores in LI, L2, L3, and L4.) 

With all the parts on hand — and assuming you're 
using the PCB — assembly time is at most an hour 
or two. I tuned up my unit using only a grid dip meter 
as a signal source in about 20 minutes. 
Construction of the PCB proceeds as follows: 

1. Install the jumper at the lower edge of U3 as illus¬ 
trated in fig. 2A. 

2. Install the 11 resistors as shown in fig. 2A. 


3. Install the 16 capacitors as indicated in fig. 2A. 
Since C6 and C7 are electrolytics, be sure to observe 
the polarity indicated in fig. 2A. 

4. Install the Murata ceramic filter, FL1. Because it's 
symmetrical, it can be installed in either direction. 

5. I recommend carefully installing sockets for U1 
(16-pin DIP), U2 (8-pin DIP), and U3 (14-pin DIP). 

6. Install LI through L5, carefully bending the pins 
slightly so that they fit easily into the PCB's pre-drilled 



HORIZONTAL VERTICAL 
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OUT 


fig. 1. Block diagram of WA2PZO spectrum analyzer- 



fig. 2. Schematic of WA2PZO spectrum analyzer. 
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holes. Because L5, the 150 ;iH inductor, is symmetri¬ 
cal it can be installed in either direction. 

7. Most important: lubricate the small ferrite cores of 
LI, L2, L3, and L4 with a drop or two of WD-40 before 
attempting adjustment. These cores are extremely brit¬ 
tle; use a plastic or nylon tuning tool matched to the 
width of the ferrite slots (using a metal one will guar¬ 
antee their destruction). 

8. If you're not using a 200-/rA S-meter, install a jum¬ 
per from 'A' to ground. 

Testing and alignment proceed as follows: 

1. Connect the TV tuner's VHF input to your 2-meter 
antenna. 

2. Set the VHF/UHF switch to the VHF position. 

3. Set the Hi/Lo switch to Hi. 

4. Make sure the lop of the ferrite core in Li is exact¬ 
ly even with the top of its shielded housing. 

5. Set the squelch control to zero and adjust the 
volume control for a slight hiss from the speaker with 
the gain control at maximum resistance (10 kilohms). 

6. Set the width control (sawtooth sweep from scope) 
to zero. 

7. Connect a voltmeter to pin 10 of the TV tuner 
(varactor input). Use the + 30-volt voltmeter range 
(adjust the center frequency lOk-turn pot so that 
varactor bias is below +30 VDC). 

8. Turn the center frequency pot slowly down (reduc¬ 
ing varactor bias voltage) until a local TV video carrier 
is both heard on the speaker (buzz) and seen on the 
scope. If no TV stations are nearby, use a signal gener¬ 
ator with modulated output or a grid dip meter. 



fig. 3. Schematic showing interconnections between 
tuner, printed circuit board, and oscilloscope. Note: + 35. 
+ 20, and +12 VDc sources are regulated supplies. 


9. Peak the ferrite slugs in L2 and L3 for maximum 
signal output on the scope. 

10. Continue tuning the center frequency pot until a 
TV audio signal is found, then adjust L4for maximum 
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audio output and minimum background noise from the 
speaker. 

11. Though each varactor tuned TV tuner will have 
somewhat different voltage versus frequency re¬ 
sponse, see fig. 10 to see the response we obtained 
using a Sanyo varactor tuned TV tuner. 

Figure 4 is a photo of our finished spectrum analy 
zer. The tuner and PCB are mounted on top of a 2 



fig. 4. Completed spectrum analyzer: (Al front. (B) rear, (Cl top. 



fig. 5. VHFIowTV band with horizontalsweepamplitude 
set to maximum. 



fig. 6. 8-MHz horizontal sweep width, with channel 2 vid 
eo signal at left and channel 2 audio at right. 


x 5 x 9-inch (5 x 13 x 23 cm) aluminum chassis. The 
PCB is mounted on 1/2-inch (1.3 cm) threaded stan¬ 
doffs. Left to right, the five pots are: volume, squelch, 
center frequency, sweep width, and tuner gain. The 
two mini-toggle switches on the right of fig. 4 are 
VHF-UHF (top) and VHF LOW-VHF HIGH (bottom). 
On the rear of the chassis are six RCA phono jacks: 
+ 35 VDC for tuner center frequency; +20 
VDC for tuner; + 12 VDC for oscillator/mixer, second 
IF amps, U3 audio amp; horizontal sweep from scope; 
vertical output to scope; and audio output to the 
8-ohm speaker. 

operation 

Now the fun really begins. For antennas, I used my 
two 23-element Cushcraft 2-meter "Boomers.'’ (No, 
I don’t bounce signals off the moon with them, but 
I can work into 2-meter repeaters in Toronto, some 
125 miles away. My QTH is on the south shore of 
Chautauqua Lake, some 65 miles southwest of 
Buffalo; because of this distance, and the presence 
of a range of hills about 300 feet (90 meters) high be¬ 
tween Buffalo and Chautauqua, TV signals aren't par- 
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ticularly strong. Nevertheless, all the TV channels on 
both the VH F low TV and VH F high TV bands were dis¬ 
played on the first try. Both the vestigial sideband video 
signal and its accompanying FM audio signal were clear¬ 
ly displayed for each channel. 

Figures 5 through 10 are sketches of the oscillo¬ 
scope display in the noted modes of operation. (Os¬ 
cilloscope cameras cost about $300; I chose not to add 
one to my $39.95 Heathkit scope.) 

Figure 5 shows the VHF low TV band with the 
horizontal sweep amplitude set to maximum. Each TV 
channel pair displayed (video and audio) is noted. The 
height of each signal is proportional to signal strength; 
some Canadian TV stations really pack a wallop even 
though they're 125 miles away. 

Figure 6 illustrates about 8 MHz horizontal sweep 
width (left side of CRT to right side of CRT) with the 
video signal of Channel 2 on the left and the audio 
from Channel 2 on the right side. 

Figure 7 displays the sweep width reduced to about 
2 or 3 MHz with the center frequency set to Channel 
2's video carrier. Note the blanking and vertical sync 
pulse riding on top of the carrier. 

Figure 8 is the Channel 2 video carrier with the 
horizontal sweep set to zero. The blanking pulse with 
the vertical sync pulse on top is on the left side. The 
eight squiggles to the right of the vertical sync pulse 
on top of the blanking pulse are the color burst; all 
the hazy, wavy signals to the right are the video in¬ 
formation. The top of the vertical sync pulse 
represents 100 percent modulation and the bottom ot 
the video information represents the white level of vid¬ 
eo at about 15 percent modulation. 

Although some scope photos or sketches show 100 
percent modulation at the bottom, I prefer it at the 
top. If you insist on having it at the bottom, simply 
turn the figure upside down and view it in a mirror. 

Figure 9 illustrates the 2-meter band with horizon¬ 
tal sweep representing about 3 MHz. The left side of 
the CRT is at 145 MHz and the right side of the CRT 
is at 148 MHz. Spread between 146 and 148 MHz, we 
can see about six 2-meter repeaters located in the 
Buffalo and Toronto areas. 

Figure 10 is a plot of varactor tuning voltage versus 
frequency on my Sanyo TV tuner. The 10-turn, 10-ohm 
pot used for setting the varactor voltage is an absolute 
"must" for fine tuning. 

By reducing the sweep width to zero and single¬ 
signal tuning across each band, I was able to copy the 
audio on the VHF TV low band from the following sta¬ 
tions: WGRZ-TV (Channel 2, Buffalo) WPSX-TV 
(Channel 3, Rochester), WIVB-TV (Channel 4, 
Buffalo), CBLT-TV (Channel 5, Canada), and CTGN- 
TV, (Channel 6, Canada). On the VHF TV high band 
we copied audio from air-to-ground and air traffic con¬ 
trol stations; 2-meter repeaters in western New York 


and the Toronto area; commercial FM pagers; Toronto 
Coast Guard marine weather on 161.775 MHz; the 
Erie, Pennsylvania, weather bureau on 162.40 MHz; 
the Buffalo, New York, weather bureau on 162.55 
MHz; WKBW-TV (Channel 7, Buffalo); WROC-TV 
(Channel 8, Rochester); CFTO-TV (Channel 9, 
Canada); CFPL-TV (Channel 10, Canada); CHCH-TV 
(Channel 11, Canada); WICU-TV, (Channel 12, Erie); 
and CKCO-TV (Channel 13, Canada). On the UHF TV 




fig. 8. Channel 2 video carrier with horizontal sweep set to 
zero. 



fig. 9, 2-meter band with horizontal sweep representing 
about 3 MHz. 
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Fig. 10. Varactor voltage versus frequency (will vary 

from tuner to tuner). 


VHF low band 

voltage 

frequency MHz 

0.5 

50.00 6-meter band 

2.0 

55.25 channel 2 video 

3,5 

59.75 channel 2 audio 

4.0 

61.25 channel 3 video 

6.0 

65.75 channel 3 audio 

7.0 

67.25 channel 4 video 

9.5 

71.75 channel 4 audio 

13.5 

77.55 channel 5 video 

17.1 

81.75 channel 5 audio 

20.1 

83.25 channel 6 video 

34.8 

87.75 channel 6 audio 


VHF high band 

0.5 

135.00 air to ground 

1.0 

144.00 2-meter band 

2.0 

148.20 commercial paging 

4.0 

162.55 Buffalo weather 

6.5 

175.25 channel 7 video 

7.6 

179.75 channel 7 audio 

7.9 

181.25 channel 8 video 

9.0 

185.75 channel 8 audio 

9.3 

187.25 channel 9 video 

10.6 

191.75 channel 9 audio 

11.0 

193.25 channel 10 video 

12.3 

197.75 channel 10 audio 

13.0 

199.25 channel 11 video 

14.7 

203.75 channel 11 audio 

15.2 

205.25 channel 12 video 

17.5 

209.75 channel 12 audio 

19.0 

211.25 channel 13 video 

25.5 

215.75 channel 13 audio 


band we copied about six TV stations from Channel 
17 through Channel 26, including a French language 
Canadian TV station. The Sanyo TV tuner is one super 
little box with excellent sensitivity — i.e., much bet¬ 
ter than 1 microvolt. All these stations were copied 
using only 2-meter antennas. 

other uses 

Once you become accustomed to using it, the spec¬ 
trum analyzer is probably the greatest trouble-shooting 
aid since Volta invented the voltmeter. With the proper 
probes, attenuators, and converters it can be used as 
an RF voltmeter; as a signal tracer in transmitters and 
receivers; and for transmitter alignment, harmonic 
measurement, deviation measurement, oscillator in¬ 
jection measurement, IF alignment, and spurious radi¬ 
ation measurement, to name but a few of its 
applications. If you want to dig deeper, Cushman Elec¬ 
tronics (2450 North First Street, San Jose, California 
95131) publishes a neat little book entitled Using The 
Spectrum Monitor Priced at $7.25 (postpaid), it's easily 
understood by the average Radio Amateur. 

acknowledgement 

I wish I could claim authorship for this unique 
design, but credit goes entirely to my friend, Murray 
Barlowe, WA2PZO, who not only created the design 
but has generously made a partial kit of parts, TV 
tuner, and printed circuit board available to Amateurs 
at virtually his cost. 

For more information send an SASE to Murray 
Barlowe, WA2PZO, P.O. Box 393, Bethpage, New 
York 11714. Once you try it, you'll never understand 
how you got along without it. ham radio 
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TRiPLE DISCOUNT SALE 


The more filters you buy, the more you save! 10% Off on one, 20% on two, 30% on 3 or more. For 

example, one $60 filler costs $54: two $54^48: three $54*48*42: four $54*48*42*42 One $110 filter 
costs $99. two $88, etc. Figure each price group separately For combos (matched pairs only) see 
prices below 

8.83MHz 8-POLE FT FILTERS FOR KENWOOD - Reg. $60 ea. 

Bandwidths: CW 250. 400Hz: SSB 1 8, 2 1; AM 6 OKHz Suitable for all models from TS120 through 
TS940 TS440S introductory Take $5 off sale price for two 

Filter Cascading Kits with FT Filter 
TS430S Discounted 2.1 filter plus $20 for amp board 
TS820S - Discounted 2 1 filter plus $5 for parts 
455KHz 8-POLE FT FILTERS FOR KENWOOD - Reg. $110 ea. 

Bandwidths available CW 400Hz, SSB 2.1 KHz Suitable for R820, TS830. TS930. TS940 Matched 
Filter Pairs for Above Models - Reg $170 ea SSB: 2 1 KHz (455 and 8.83); CW: 400Hz: (455 and 8.83) 
Discounted Pairs: one for $147, $279 for both 


3.395MHz FILTERS FOR TS520, 511, R599 - Reg. $60 ea. 

Bandwidths available: 250. 400Hz, 1 8*. 2.1 KHz. '1 8 special - Take $10 off list, then discount* 


Same deal for YAESU, DRAKE, ICOM. and HEATH tiIters! 

Check your GREEN SHEET for List prices, or PHONE 


LIMITED QUANTITIES - ORDER NOW TO AVOID DELAY 


When ordering, specify Make and Model Number of your Rig: Frequency and Bandwidth of filter(s) 
desired. 


SHIPPING: $5 US and Canada. $12 elsewhere 
Order by Mail or Phone VISA/MC or COD accepted 
GO FOX - TANGO-TO BE SURE! GET THE BEST-FOR LESS 1 

Box 15944, W. Palm Beach, FL 33416 
Telephone: (305) 683-9587 


FOX-TANGS Corp. 
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$3 + $2.00 
shipping and handling 

Send $5.00 to: 

Ham Radio’s Bookstore 

Greenville, N. H. 03048 
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PRACTICALLY SPEAKING 


substituting transistors 
part 1: using resources 
at hand 

Every Amateur who spends at least 
some time at the workbench repairing or 
building electronic equipment will even¬ 
tually need a transistor that's not on 
hand — and perhaps not even available. 
In some cases, the type number will be 
found in one of the standard transistor 
replacement catalogs. In other cases, 
well. . . you're on your own. 

Although the subject of transistor 
substitution is one that's been talked 
about to the point of exhaustion among 
hams, serious problems continue to 
reappear. The tips given in this two-part 
series, while most appropriate to the 
types of transistors normally used in 
Amateur Radio equipment, are also ap¬ 
plicable to a variety of other situations 
as well. 

The main premise is that we are ser¬ 
vicing Amateur Radio equipment that 
once worked properly and then failed. 
While much of what is discussed isalso 
applicable to construction projects, 
construction project debugging is 
something of an arcane art and is thus 
not suitable for general, too-broad 
guidelines. I can recall several projects 
over the years that depended for proper 
operation on selected parameters of 
specific transistors, and wouldn't even 
work with all otherwise-working ver¬ 
sions of the same "2N" number devices. 

There are even cases on record in 
which only those devices made by cer¬ 
tain manufacturers will work properly in 
the circuit. (Ancient history note: those 
of us who go back to vacuum tube days 
recall a very costly ham receiver that 
would retain its "frequency meter" dial 


calibration only when RCA tubes were 
used for the local oscillator; there are 
transistor equivalents to that situation.) 
As a result, we must limit our consider¬ 
ation to repair of working — and, one 
would hope, properly designed — 
equipment. 

exact replacements 

The easiest way to obtain a replace¬ 
ment solid-state device that will install 
easily and operate correctly is to order 
it from the original equipment manufac¬ 
turer or an authorized distributor. As 
we're all painfully aware, however, this 
is not always either possible or practical. 

industry-standard type 
numbers 

If the defective transistor has a stan¬ 
dard "2N" type number, then you just 
obtain a replacement device with the 
same number, without regard to brand 
name. Unfortunately, some "Original 
Equipment Manufacturer" (OEM) tran¬ 
sistors aren't marked with these stan¬ 
dard numbers. They often have a house 
code number that's meaning less to any¬ 
one except the manufacturer. Some¬ 
times the house number is created 
because the transistor is specially select¬ 
ed from others for the same "2N" ser¬ 
ies, so only a similarly tested device will 
work properly in the circuit. In some 
cases, the house number is used be¬ 
cause it suits the manufacturer's inven¬ 
tory control system; in other cases, 
manufacturers simply want to ensure 
replacement parts business. 

crossover guidelines 

Crossover guides, which would seem 
to be a nearly perfect source of replace¬ 
ment numbers, should be used when¬ 


ever possible. But there are gremlins 
that can pop up unexpectedly. Theoret¬ 
ically, the cross-matching has been 
done in advance by the use of an "infal¬ 
lible" computer. When wefollowthose 
recommendations, however, we some¬ 
times find that suggested replacements 
have insufficient power or voltage rat¬ 
ings, too narrow a bandwidth, a differ¬ 
ent physical shape that would cause 
mounting or space problems, or differ¬ 
ent mounting dimensions that would re¬ 
quire modification of the chassis. Many 
of these discrepancies occur because 
the crossoversare compiled from print¬ 
ed lists that sometimes contain errors. 
It'san open secretthat the recommend¬ 
ed substitutes are seldom tried in any 
kind of equipment or circuit, so it's best 
to test the reasonableness of any selec¬ 
tion by looking at the crossover device's 
specifications and comparing them with 
what you know about the circuit and its 
requirements. 

During my years in the electronic 
service business, it was my policy to 
return, along with a note of explanation, 
any crossover transistors that either 
didn't work properly or would require 
major reworking of the chassis or rewir¬ 
ing of the circuit. If everyone did this, 
manufacturers might take the hint. The 
economic impact of a service shop's an¬ 
nual semiconductor purchases makes it 
easy for them to obtain refunds on bad 
crossovers; unfortunately. Amateurs 
rarely have such clout. 

Another problem has nothing to do 
with electrical specifications, but rather 
with proper identification. In some 
cases it's relatively easy to guess the re- 
quired transistor type. But what if two 
manufacturers have each accidentally 
assigned the same designation to two 
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completely dissimilar devices? It's not 
likely that a crossover guide will solve all 
such problems, though some do ac¬ 
commodate such ambiguities. 

I remember one case years ago where 
I needed a replacement for a Delco Elec¬ 
tronics DS-25. Now, the DS-25 has 
been around for about 20 years as an RF 
amplifier, IF amplifier, and converter 
replacement in Delco-General Motors 
car radios. The DS-25 germanium tran¬ 
sistor was packaged in a "smaller-than- 
TO-5" case. Unfortunately, a small hi- 
fi manufacturer also used the DS-25 
designation for a medium-power PNP 
germanium power transistor in a TO-3 
case. One crossover guide I consulted 
at that time listed the T0-3 type without 
noting that it wasn't the Delco part num¬ 
ber, even though it was listed among the 
various Delco "DS-Series" type 
numbers. 

Remember the old rule from high 
school math: Things equal to the same 
thing are — you hope — equal to each 
other. Or, if A = B, and B = C, then 
A = C. We can use this observation to 


make crossover selections. Further¬ 
more, we can use this technique in at 
least two additional ways. First, we can 
look up the device needed to find the 
replacement type number. For exam¬ 
ple, suppose a 2N5xxx is found in the 
Zotch Electronics Crossover Guide as a 
"ZE-234." We can look for other "2N" 
series devices also equal to ZE-234 and 
use one of those. 

This method is especially useful when 
crossing house numbers to 2N num¬ 
bers, which is our second way to use the 
"A = C" theory. Suppose that your 
Wombat Thunderbolt VI transceiver 
uses a transistor with the part number 
"8501234" Well, theZotch guide calls it 
a ZE-234. By looking over the "2N" ser¬ 
ies columns in the Zotch Guide To 
Replacement Things, you find that a 
2N5xxx is also equal to a ZE-234. 
Chances are good that the Wombat en¬ 
gineers selected the 2N5xxx and then 
relabeled it "8501234." It may not be the 
exact transistor, but it's a fair bet that it 
will work unless the 8501234 is a special¬ 
ly selected 2N5xxx. (There are no guar- 
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2 30 MHz 12V (• 

-28V) 


PfN 


Rating 

Sach 

Match Pr. 

MRF412./A 


80W 

18.00 

45,00 

MRF421 

Q 

100W 

22.50 

51.00 

MRF422* 


150W 

38.00 

82.00 

MRF426,/A* 


2SW 

18.00 

42.00 

MRF433 


12.5W 

12.00 

30.00 

MRF449./A 

Q 

30W 

12.50 

30.00 

MRF450./A 

Q 

50W 

14.00 

31.00 

MRF453./A 

Q 

60W 

15.00 

35.00 

MRF454./A 

Q 

SOW 

15.00 

34.00 

MRF455,/A 

Q 

60W 

12.00 

28.00 

MRF458 


80W 

20.00 

46.00 

MRF475 


12W 

3.00 

9.00 

MRF476 


3W 

2.75 

8.00 

MRF477 


40W 

11.00 

25.00 

MRF479 


15W 

10.00 

23.00 

MRF485* 


15W 

6.00 

15.00 

MRF492 

Q 

90W 

16.75 

37.50 

SRF2072 

Q 

65W 

13.00 

30.00 

SRF3662 

Q 

now 

25.00 

54.00 

SRF3775 

Q 

75W 

14.00 

32.00 

SRF3795 

Q 

90W 

16.50 

37.00 

CD2545 


50W 

23.00 

52.00 

SD1487 

Q 

100W 

36.00 

76.00 

2SC2290 


60W 

15.00 

36.00 

2SC2679 

Q 

100W 

25.00 

56.00 


O Selected High Gam Matched Quads Available 

VHF/UHF TRANSISTORS 



Rating 

MHz Net Ea. Match Pr. 

MRF212 

tow 

136-174 $16.00 

— 

MRF221 

15W 

136 174 

10.00 

—. 

MRF222 

25W 

136174 

14.00 

— 

MRF224 

40W 

136-174 

13.50 

32.00 

MRF237 

4W 

136 174 

3.00 


MRF238 

30W 

136 174 

13.00 

30.00 

MRF239 

30W 

136-174 

15.00 

35.00 

MRF240 

40W 

136-174 

18.00 

41.00 

MRF245 

80W 

136 174 

28.00 

65.00 

MRF247 

75W 

136-174 

27.00 

63.00 

MRF260 

5W 

136 174 

7.00 

— 

MRF261 

10W 

136 174 

9.00 

— 

MRF262 

15W 

136-174 

9.00 

— 

MRF264 

30W 

136-174 

13.00 

— 

MRF607 

1.75W 

136174 

3.00 

— 

MRF641 

15W 

407 512 

22.00 

49.00 

MRF644 

25W 

407-512 

24 00 

5400 

MRF646 

40W 

407 512 

26.50 

59.00 

MRF648 

60W 

407 512 

33.00 

6900 

SOI 441 

150W 

136-174 

74.50 

170.00 

SD1477 

100W 

136 174 

32.50 

78.00 

2N3866* 

1W 

30-200 

1.25 

— 

2N4427 

1W 

136 174 

1.25 

— 

2N5591 

25W 

136-174 

13.50 

34.00 

2N6080 

4W 

136-174 

7.75 

— 

2N6081 

15W 

136-174 

9.00 

— 

2N6082 

25W 

136-174 

10.50 

— 

2N6083 

30W 

136 174 

11.50 

24.00 

2N6084 

40W 

136-174 

13.00 

31.00 

MISC. TRANSISTORS & MODULES 


MRF134 

$1600 

SAV6 


$32.50 

MRF136 

21.00 

SAV7 


30.00 

MRF137 

24.00 

S10 12 


13.50 

MRF138 

35 00 

2SC1075 

25.00 

MRF140 

89.50 

2SC1307 

5.00 

MRF150 

89.50 

2SC1946A 

12.00 

MRF172 

62.00 

2SC1969 

3.00 

MRF174 

80.00 

2SC2221 

10.00 

2N1522 

7.95 

2SC2269 

20.00 

2N4048 

7.20 

2SC2289 

22.00 

NE41137 

3.50 

2SC2312C 

4.00 

2N5590 

11.00 

2N5945 


10.00 

2N5642 

14.00 

2N5946 


13.00 


Selected, matched finals for loom. Atlas. Yaesu, Ken¬ 
wood. Cubic.TWC.etc Technicalassistanceandcross- 
reference on CD, PT. SD, SRF and 2SC P/Ns. 

Quantity parts users — call for quote 

WE SHIP SAME DAY • C.0.D./VISA/MC 

Minimum Order— Twenty Dollars 

(619) 744-0728 

|Pf- 


RF PARTS 

1320 16 Grand Avenue 
San Marcos. CA 92069 


September 1986 E/B 93 




antees, however. You still have to check 
specs and make an educated guess). 

mobile problems 

Up to this point, the problems of ob¬ 
taining suitable replacements for tran¬ 
sistors iri mobile rigs are identical to 
those of home-based rigs. But there's 
one special problem that's more serious 
in mobile applications: environmental 
heat. 

One car manufacturer became con 
cerned about the excessive number of 
failures in his first all solid-state car ra¬ 
dio models (circa 1962) and decided to 
investigate the possibility of passenger 
cabin heat as the culprit. The company 
asked its electronics plant employees to 
leave their car doors unlocked for one 
day. During that day of 90-degree 
weather, the engineers measured the 
temperatures inside many of the closed 
cars and were surprised to find that the 
average reading was 160 degrees F on 
the seat and 180 degrees behind the 
dashboard. 

derating the specs 

Published transistor power ratings 
are usually specified at room tempera¬ 
ture, generally accepted to be 25 
degrees C (77 degrees F). If transistors 
are used at higher temperatures, as in 
mobile applications, then the maximum 
collector dissipation (in watts) must be 
reduced to prevent extra failures which 
could occur even when all the electrical 
specifications are fulfilled. 

A typical derating curve is show in 
fig. 1. Notice that a transistor having a 
collector dissipation of 550 mW at 25 
degrees C can safely dissipate only 375 
mW at 65 degrees (142 degrees F). This 
explains why a transistor that's operat¬ 
ing below its maximum published wat 
tage rating could be destroyed by using 
it in a hot car. Watch for such hazards, 
especially if you attempt to use "five- 
for-a-buck" bargain-basement replace¬ 
ments in which the collector dissipation 
rating was ''optimistic.'' 

beyond crossmatching 

Often the numbers on a bad transis¬ 
tor seem meaningless. There's no way 
to crossmatch and you can't locate an 


OEM replacement from the equipment 
maker. The next step is to find a univer¬ 
sal replacement from one of the many 
convenient sources. To do this, you 
have to become an electronic detective 
and find out the following things about 
the transistor: 

• Is it a silicon or germanium type? 

• Is it a PNP or NPN? 

• What is the gain (alpha or beta)? 

• What frequencies must it amplify? 

• What are the collector power dissi¬ 
pation requirements? 

• Are there any special mechanical 
mounting requirements? 

Once you've answered these ques¬ 
tions, you can make a satisfactory selec¬ 
tion from most any brand of universal 
replacements. 

silicon or germanium? 

Silicon transistor junctions measure 
higher DC resistances than germanium 
junctions. In fact, silicon transistors 
usually read "open" on all measure¬ 
ments except with base/emitter and 
base/collector forward biasing polarity. 
If even one junction remains intact on a 
blown transistor, then you can tell 
which material it is by comparing read¬ 
ings with those of known types in the 
size and power category. 

Forward bias voltages for all stages 
other than oscillators (and certain pulse 
circuits used in video equipment) should 
be 0.2 to 0.3 volts for germanium tran¬ 
sistors and 0.5 to 0.7 volts for silicon 
transistors. Check the schematic, or 
another of the intact junctions (or a simi¬ 
larly numbered good transistor in the cir¬ 
cuit) to see which voltage levels are 
found. The answer will tell you whether 
to look for Ge or Si transistor replace¬ 
ments. 

PNP or NPN? 

When the collector voltage is more 
positive (or less negative) than the emit 
ter, then the transistor is an NPN type. 
If the collector is more negative (or less 
positive) than the emitter, then the tran¬ 
sistor is a PNP type. Most schematics 
give these voltage readings. On the 
other hand, you can measure the collec¬ 
tor/emitter voltages accurately enough 


for this purpose, right in the circuit in 
most cases. 

Even if only one junction of the defec 
tive transistor is intact, you still can de¬ 
termine the polarity by using the 
ohmmeter. If you obtain a normal low 
resistance diode type reading with the 
positive ohmmeter lead on the base and 
the negative lead on the collector or 
emitter, then it's an NPN type. If you 
must reverse the leads to obtain a low- 
resistance reading, the transistor is a 
PNP type. This measurement must be 
made with an old-fashioned VOM/ 
VTVM or a modern digital meter with a 
"diode" or "high power” ohmmeter 
function. 

next month 

Next month we'll look at the frequen¬ 
cy response of the selected transistor 
and certain mechanical considerations. 

ham radio 
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equinox season DX 

Even though this is a sunspot mini¬ 
mum year, and the sun's activity has 
decreased, an occasional energy burst 
(flare) or increase in the solar wind 
causes a geomagnetic field distur¬ 
bance. We experienced these pheno¬ 
mena in February and May of this year, 
and it's likely that we'll have another in 
September or October. Whenever they 
occur, you can expect them to affect 
your DXing. 

Geomagnetic disturbances, or 
storms, affect propagation — and DX 
— in three ways. First, particles from 
the sun entering the auroral zone at 50 
to 70 degrees North and South latitudes 
come down into the ionospheric Dand E 
regions, increasing signal absorption. 
This results in weak east-west path 
signals and few transpolar signals. 
Second, the particles form a reflective 
curtain along the equatorial side of the 
auroral zone (for those of us in North 
America, this is south), enhancing VHF 
auroral scatter propagation. Six-meter 
openings to Europe are one result of this 
phenomenon. Third, the F region of the 
ionosphere (for U.S. stations, this is 
south of the auroral zone) has a depleted 
area of electrons that form an electron 
density trough. The maximum usable 
frequency (MUF) for paths through this 
area decreases by 30 to 40 percent. 
(Tables of MU F statistics were present¬ 
ed in this column in January, 1986.) 

However, still further south at ±20 
degrees from the geomagnetic equator, 
an equivalent-size enhancement of the 
F region occurs, resulting in evening 
Trans-Equatorial (TE) openings during 
the equinox and winter seasons. These 
three effects vary in intensity and time 


on a short to long basis (seconds 
through hours), causing what we exper¬ 
ience as fading and blackout. These ef¬ 
fects continue to occur each night for 
two to three days before ionospheric 
equilibrium is re-established. The larg¬ 
er the geomagnetic storm (the higher 
the value of the K or A indicies), the 
closer to the equator these effects 
occur. 

Just as the particle density and speed 
of the solar wind vary, so do the charac¬ 
teristics of the geomagnetic field and 
ionosphere. Ionospheric variation 
causes signal reflection focusing and 
defocusing, which simply means that 
the signals arriving atyourQTH will vary 
in both strength and angle of arrival. 
Some directions and locations you 
haven't heard from in a long time may 
suddenly be workable. 

last-minute forecast 

The higher-level 27-day sunspot ac¬ 
tivity may push the maximum usable 
frequencies up during the first and last 
weeks of September, giving better 10-, 
12-, and 15-meter DX. September 
marks the beginning of the return of 
transequatorial one-long-hop propaga¬ 
tion for the winter season; during some 
evenings, it will probably be useful for 
DX. Its effect will be enhanced by an 
equinoxial increase in geomagnetic dis¬ 
turbances, which are more probable 
near the end of the second week and 
into the third. 

The lower bands will experience less 
QRN caused by weather storm frontal 
thunderstorms passing through. But 
the geomagnetic disturbances will have 
greater effect on these bands; lower 
MUFs will occur on east, west, and 
north paths. Signal strength variability, 


QSB, is also associated with thedistur- 
bances. Listen carefully for new, un¬ 
usual DX openings at these times. 

A full moon will occur on September 
26th and its perigee on the 12th. The au- 
tumnal equinox will be on the 23rd at 
0759 UTC. No signif icant meteor show¬ 
ers are expected this month. 

band-by-band summary 

Six meters may have a few sporadic 
E openings around local noon, but don't 
count on them this last month of the 
season. 

Ten, twelve, and fifteen meters 
should provide a few short-skip open¬ 
ings and many long-skip openings to 
most southern areas of the world, espe¬ 
cially if there is any solar flux increase 
during the daylight hours this month. 
Some of these openings will result from 
transequatorial propagation, mainly 
during disturbed conditions. 

Twenty, thirty, and forty meters will 
support propagation from east, west, 
and north areas of the world during the 
daytime and into evening hours almost 
every day. Distances to 2000 miles via 
long-skip or some short-skip Es to 1000 
miles per hop are usual. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX. 
The bands will be open in the east soon 
after sundown, swing toward the north 
and south about midnight, and end in 
the Pacific areas during the hour or so 
before dawn. The time-and-frequency 
stations in England and Hawaii make 
good band monitors. On some nights 
these bands will be as good as they are 
during the winter DX season; on others, 
QRN may be a problem. Distances will 
be a little shorter than those mentioned 
above. 
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products 


RS 232-compatible 
computer interface units 

Trio Kenwood Communications has an 
nouncud the release ol RS232 compatible com 
puter interlace units lor the TS-440S. TS-940S, 
TS VIIA, and TS 811A transceivers. 

Two units are required to control the Iran 
sceivers: the IF 232C level translator and the ap 
propriate plug in computer interlace module. The 
TS 440S requires the 1C-10 chip set; theTS 940S, 
the IF 10B; and the TS 711A or TS 811A, the 
IF 10A. 

All digital functions on the transceivers in 
eluding VFO tuning, RIT/XIT. memory input and 
recall, and voice synlhesi/er activation — ore con 
!reliable,. Programming is simple; one program 
should work with several rigs. 

The suggested retail prices are IF 232C. $49.95; 
IF 10A/IF10 B, $41.95; 1C 10, $22.95. 

A simplified sample program will be available 
from Kenwood dealers. Write to Trio Kenwood 
Communicatiions. 1111 West Walnut Street, 
Compton, California 90220, for information. 


PCB kits from Kepro 

A new line of Kepro pre-packaged materials 
and kits includes the lollowing: 

• a standard manual resist etched circuit kit lor 
producing basic PC boards; 

• a photo-reversing kit for making line negatives 
from artwork prepared on transparent film or 
reversing negatives to positives; 

• an immersion tin-plating kit to improve solder 
ability by depositing 0.00001 inch ol tin on the 
oxide free copper surface of etched PCBs; 

• photo resist etched circuit kits, basic artwork 
or master photo layout kits, screen printing 
or nameplate kits. 

In addition, Kepro also offers KeproClad.'” fot 
the production of industrial quality, negative act 
ing dry film photo sensitized PCBs. KeproClad 
is available with loil on one or two sides, in sizes 
ranging I rum 4x6 through 7 x 12 inches, and 
is priced as low as $3.50. 

For details, contact Kepro. Inc., 630 Axmin 
sler, Fenton, Missouri 63026. 

Circle #307 on Reader Service Card. 

New computer-based 
instruments from Heath 

Models 1C 4802 and ID 4850oscilloscopes Irom 
Heath Company ate designed to work with per 
sonal computers. 

Ttie 1C 4802 Digital Oscilloscope is a sophisli 
cated interface that attaches to an IBM PC 
compatible computer and is available in kit lorm 


or assembled. This interface turns an IBM PC 
compatible computer into a full featured 50 MHz 
dual trace oscilloscope that allows full control ol 
the scope from the keyboard of the computer, liar 
nessing the computer's computational abilities. 
With the 1C 4802, oscilloscope waveforms can be 
collected and stored on disk for later recall. The 
digitally stored waveforms may be printed out on 
the computer's printer 

The ID 4850 Digital Memory Oscilloscope is an 
interlace that may be used with either a personal 
computer or a 5 MHz or greater bandwidth oscil 
loscope that has the ability to trigger from an ex 
ternal source and triggered sweep. Used with a 
computer, the ID 4850 provides a PC-compatible 
computer with 50 MHz oscilloscope capabilities 
and allows waveforms to be digitally stored lor 
later recall. When using an oscilloscope, the 
ID-4850 upgrades it to a full featured 50 MHz dual 
trace oscilloscope. The Digital Memory Oscillo 
scope is available ijt kit nr assembled lorm. 
More information on these and other products is 
available in Heathkif s free catalog. For a copy, 
contact Heath Company, Dept. 150 775, Benton 
Harbor, Michigan 49022. 

Circle 1309 on Reader Service Card. 


personal frequency 
standard 

Wenzel Associates. Inc., offers the new 
Counter Mate personal frequency standard that 
provides stable 1 MHzandIO MHz reference sig 
nals to improve the accuracy of counters and other 
instruments. A precision third overtone 10 MHz 
crystal is mounted in a controlled oven in an instal 
lalion that provides minimum aging and drift. Both 
outputs will drive TTL or 50 ohms with 5 ns rise and 
lall time square waves. The output impedance 
properly matches power splitters for generating 
isolated signals to operate several instruments 
The price is $350. 

Furthet information is available Irom Wenzel 
Associates. Inc.. 11124 Jollyville Road, Austin, 
Texas 78759. 

Circle 1308 on Reader Service Card. 


new Hamtronics catalog 

Hamtronics. Inc. has announced publication 
of their new 40 page, two color catalog, which 
features many now products, including several 
GaAs FET preamps, a live function DTMF 
decoder .controller, a transmit/receive relay 
module, digital FSK equipment, and packet radio 
VHF (lower amplifiers. Also included is a com 
prehensive listing of FCC type accepted trails 
milters, receivers, and repeaters for commercial 
service. Hamtronics reports that because of re 
cent high volumes of production, n has been able 
to reduce prices on many products. 

To receive a copy by return first class mail, 
send $1 l$2 for overseas mailing) to Hamtron 
ics, Inc., 65-F Moul Road, Hilton, New York 
14468 9535. 


surge protector 

Alpha Delta has announced availability of a 
new, improved version of its Transi trap Elec 
trical Surge Protector, 

The new Transi trap "Arc plug" has been 
redesigned to meet government and industry 
protection standards for Electromagnetic Pulse 
IEMPI in accordance with the National Commu¬ 
nications System report, NCS TIB 85 10. The 
"ARC plug" has a DC damping level of 350 volts 
to provide proper transmitter protection. The 
pulse clamping level Ipet NCS EMP tost, 4,500 
volts at 50 ohms) is 230 volts. The unit will re 
spond in 80 to 100 nanoseconds and has a very 
low interelectrode capacitance of less than 1 pF. 

The Transi trap design offers low loss - typi 
cally 0.1 dB through 500 MHz for the R-T and 

O. 3 dB loss through 1 GHz for the units with N 
connectors 

For more information, contact Alpha Delta, 

P. O. Box 571, Centerville, Ohio 45459. 

Circle #304 on Reader Service Card. 


RF test equipment catalog 

A new 60-page catalog of Thruline* direc¬ 
tional wattmeters, coax load resistors and at 
tenuators, calorimeters and RF components is 
available from Bird Electronic Corporation. 

Included are such items as high accuracy in¬ 
struments using plug-in elements with 5000 to-1 
power ranges, a frequency/power meter com¬ 
bination and relative field-strength devices, as 
well as more than 300 standard RF products. 

This reference work of RF measurement in¬ 
strumentation and components Irom 2 milliwatts 
to 250 kilowatts in the frequency range of 0.235 
to 2300 MHz features triple indexing by func¬ 
tion, power level and model number making 
it easy to use as both a desktop reference and 
specification tool. 

Catalog GC 86 is available from Bird Electronic 
Corporation. Cleveland (Solon), Ohio 
44139 2794 

Circle 1312 on Reader Service Card. 



trailer-mounted towers 

Trailer-mounted communication lowers, avail 
able Irom Aluma Tower Company, are well 
suited lor mobile testing, site selection (or earth 
stations, civil defense, or other applications re 
quiring a temporary communication tower. Tow 
ers up to 100 feet can be provided with either 
manual crank mechanisms or 12 V winch oper 
ation. Trailers are supplied with a 2 inch ball 
bitch, spring suspension, and tail lights (or 
day, night service. 
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Contact Aluma Tower Company, Inc.. 1643 
Old Dixie Highway. Veto Beach, Florida 32961, 
lor information. 

Circle /303 on Reader Service Card, 


new multimode xcvr from 
Yaesu 

YaesuU S.A. has announced Ihe release of the 
new FT-767GX, the world's first HF/VHF/UHF 
multimode transceiver. The FT 767GX comes 
factory equipped for HF operation on tile Amateur 



bands plus general coverage on receive from 100 
KHit to29.99 MHz). Featuresinclude are an auto¬ 
matic antenna tuner for 160 10 meters, CW filter, 
electronic keyer, speech processor, digital watt 
meter, IF shift, IF notch filler, CW audio peak fil¬ 
ter. and a dual VFO tracking system for OSCAR 
Mode A or repealer operation. All popular oper 
ating modes are included: SS 8 , CW, AM. FM, 
and FSK. Optional modules extend coverage to 
6 meters, 2 meters, and/or 70cm, and an option 
al CTCSS unit is available for tone-access repeater 
work. 

The FT 767GX is compatible with Yaesu's 
CAT ICornputer Aided Transceiver! external 
computet protocol, for remote control operation 
and enhanced operating flexibility. For teletype 
operation, the FT 767GX is rated at 100 watts 
output continuously lor up to 30 minutes. 

The introductory price ol lire FT 767GX is 
$1759.95, with the 6 -meter and 2-meter modules 
priced at $169.95 each. Prices are subject to 
change due to the extreme volatility in interna 
tional exchange rates. 

For information, contact Yaesu, Inc,, 17210 
Edwards Road, Cerritos, California 90701. 

Circle /305 on Reader Survice Card. 
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DX beam heading chart 

John Dalny, K 86 JGFI. hasannounced theavail 
ability o( his DX Beam Heading Chart Each report 
is individually calculated by computer and pack 
aged in an attractive 8 1 /2x 11 -inch binder. Nine 
categories of data including callsign area, coun¬ 
try, state, city, longitude, latitude, beam heading, 
Great Circle distance, nautical miles, and statute 
miles are provided for each o( 540 DX locations. 
All data are are based on the user's exact station 
location. 

Geared to both the ham and SWL. numerous 
listings are given for the USSR and China, mak 
mg unknown site estimation easier. 

The price of thischart is$9.95. It'savailablefrorn 
John Daley, KB 6 JGH, P.0 Box4794, San Jose, 
California 95150. 
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fig. 2. W4PFZ’s "File Saver” program allows data files to be saved. 

READY. 


10 PRINT”CCLR3 '* 

50 Dtn AC333:ZS-"CURUE" 

30 PRINT"CC/DM31UHAT IS THE NUhBER OF THE CURUE YOU LUSH TO ENTER * 

35 INPUT Cl 
HO FS-ZS-CS 

50 PRINT"ENTER THE UALUES FOR THE CURUE” 

50 FOR X-l TO 3B 
70 PRINT"*”; X;:INPUT ACX) 

BO NEXT 

SO PRINT"CCLR)" 

100 PRINT”THESE ARE THE UALUES FOR CURUE”;CS 
110 PR INT"CC/DNT CC/DNT” 

130 FOR X-1TO 36 
140 PRINT"*";X;A(X1 
150 NEXT 
ISO PRINT 

170 PRINT"ARE ALL THE UALUES CORRECT? Y-YES N-NO" 

ISO GET AS:IF AS- THEN 1BO 

130 IF AS-”Y" GOTO 550 
13S IF AS—"N" SOTO 510 
500 GOTO 170 

510 PRINT"UHICH M IS INCORRECT”:INPUT □ 

550 PR I NT "LIHAT IS THE CORRECT VALUE FOR *”;□ 

530 INPUT AC03 
540 GOTO 100 
550 PRINT"CCLR3" 

500 PR I NT"SAUING TO DISK" 

555 0PEN15.B.15 

570 0PEN5,B,S, “0: "+ZS+CS+ " , S, LI" 

500 FOR X-l TO 3B:PRINT*5,AC X 3 
300 NEXT 

310 CLOSE 5:CL05E15:CLOSES 

350 PRINT”CC/DN3CC/DNHRU0N> SAUING C0C1PLETE CRU0F3" 

330 END 

READY, 

_ham radio 



1C-48A 440-MHz mobile 

ICOM has announced the release ol the new 
IC 48A 440 MHi compact mobile. The 1C 48A 
offers the same features as the new IC28A and 
IC 28H, wiili440 450MH/ frequency coverage. 
Features include compact si/e 15-1/4 x 
5 1 <2 x 2 inches): a large LCD readout, with an 



automatic dimmer; 21 memory channels: scan 
niny; plus an internal speaker and an HM 12 mic. 
Willi only 11 fronl panel controls, the unit is easy 
lo operate. 

Options include'the IC I IMI4 DTMF mic, 
PS 45 13.8 volt powei supply, UT 29 tone 
squelch unit, SP 10 external speaker, HM 16 
speaker mic and HS 15/HS-15B flexible boom 
mic. and PTT switchbox 

For Information, contact ICOM America, Inc., 
2380 116th Avenue NE, Bellevue. Washington 
98004 

Circle /313 on Reader Service Card. 

Satellites Today — 2nd edition 

Universal Electronics has announced the release 
of the enlarged second edition of Frank Baylin's 
popular hook. Satellites Today, containing the 
latest satellite information. 

Satellites Today, which can he understood by 
a non technical reader, reviews satellite history 
and technology. Topics include uplinking, foot 
prints, programming, home satelliltr; TV systems, 
and more. 

Retailing lor 612.95, Satellites Today can he or 
derecl from the publisher. Universal Electronics, 
Inc..4555GrovesRoad. Suite13, Columbus, Ohio 
43232. 

Circle 4301 on Reader Service Card 
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Edek "R" series enclosures 

The Edek "R" series enclosures are dislinc 
live, ruggedly-built enclosures suitable (or the 
hobbyist, engineer, or anyone needing an attrac 
live cabinet. 

Daik walnut stained natural wood ends, con 
Irasled with a bright aluminum chassis, are tea 
lured. If |i different color scheme is desired, the 
ends and chassis may be painted, or the alumi¬ 
num chassis may be sanded lor a brushed look. 
The Htids may he grooved with a hand saw for 
PCB mounts; heavy components may be fasten 
ed with wood screws. The galvanized steel hoi 
loin is easily soldered or drilled. Non-marring 
lubber foel conceal hidden screws. 

Enclosures are available in an unlimited num 
ber of sizes, with no minimums and no fooling 
charge. Delivery is from slock fot file most popu¬ 
lar sizes. Many variations are possible on the "R" 
series. A sample is available for $3.00 plus $2.00 
shipping. A new slope front enclosure ("S" 
series) will be available soon. 

For information, contact Energy Engineering, 
Route A, Fayetteville, Arkansas 72701. 

Circle #310 on Reader Service Card. 


9-volt Rechargeable NiCads 

Plainview Electronics announces lire introduc¬ 
tion of its 9-voll rechargeable NiCad 'Transistor" 
battery. Unique in a rechargeable transistor bat¬ 
tery is its 8.4-voll nominal voltage, 110 mAh. and 
its low sell discharge characteristic, which will 
maintain 50 per cent capacity even after a year 
in storage at room temperature. 

For information, contact Plainview Electron 
ics, 28 Cain Drive, Plainview, New York 11803. 

Circle 1311 on Reader Service Card, 


DESIGN EVOLUTION IN RF P.A.’s 

Now with 
GaAs FET 
Preamp 


9 8a 


• Linear (all mode) RF power amp with 
automatic T/R switching (adjustable de¬ 
lay). Amplilier useable wilh drive powers 
as low as v? watl. 

• Receive preamp option, featuring GaAs 
FETS (lowest noise ligure. belter IMD). 
Device NF typically .5 dB. 

• Thermal shutdown protection incor¬ 
porated 

• Remote control capability built-in 

• Rugged components and construction 
provide lor superior product quality and 
performance 

• All models include a complete operating/ 
service manual and carry a factory war¬ 
ranty on all components 

• Designed to ICAS ratings, meets FCC pari 
97 regulations 

• Approximate size is 2.8 x 5.8 x 10.5" and 
weight is 5 lbs. 

SnecilicMions/priM! subject to change 






1IIVJ 



(MHz) 

1 tW) 

(W) 

0500 

50-54 

170 

! 

0508G 

5054 

170 

1 

0510 

50-54 

T7rT 

i0 

0510G 

50-54 

170 

10 

1410 

144-148 

160 

10 

I4H1G 

144*148 

1(50 

to 

1412 

144*148 

1(>0 

30 

14126 

144*148 

160 

30 


220*225 

130 

10 

2210G 

220-225 

130 

10 

"57T2. 

220-225 

73(5“ 

30 

2212G 

220-225 

130 

30 

44 tO 

420-450 

WO 

10 

4410G 

420*460 

100 

10 

4412 

420-450 

100 

30 

! 4412G 

420-450 

too 

30 


1 Models with G suflix have GaAs FET pre¬ 
amps. Non-G suflix units have no preamp 
2. Covers lullamateu* band. Specify 10 MHz 
Bandwidth (or 420-450 MHz Amplilier. 

+SEND FOR FURTHER INFORMATION ★ 

__ TE SYSTEMS 

jg P.O. Box 25845 

qvqtpmc Los Angeles, CA 90025 
| SVSTEMS| (213) 478-0591 
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callbook supplement 

The new combined Callbook Supplement in 
dudes all the changes in both the North Ameri¬ 
can and International Callbooks for the six 
months since the publication of the regular Call 
books. Published once a year on June 1st. it lisls 
thousands of new licensees, address changes, 
and "then and now" call changes from coun¬ 
tries around the world. 

Unlike previous updates, this new Supplement 
is available through regular Callbook dealers and 
is priced lower than previous Supplements. 

For more information, contact Ham Radio's 
Bookstore or the publisher. Radio Amateur Call 
book Inc., 925 Sherwood Drive, Lake Blufl, 
Illinois (50044 

Circle #306 on Reader Service Card 




A. Microwave Associates 10 GHz Gunnplexer. Two ol these transceivers can torn the heart of a 10 GHz 
communication system lor voice, mew, video or data transmission, not to mention mountalntop OXIngl 
MA6714M (pair ol 10 mW transceivers) $251.96, Higher power units (up to 200 mW) available. B. Micro¬ 
wave Associates 24 GHz Gunnplexer. Similar characteristics to 10 GHz unit. MAB7820-4 (pair of 20 mW 
transceivers) $730.20. C. This support module la designed lor use with the MAB7141 and MA87S20 and 
provides all ol the circuitry for a full duplex audio tranacalve system. The board contains a low-nolae, 
30-MHz fm receiver, modulators lor voice and mew operation, Gunn diode regulator and varactor supply. 
Mater outputs era provided for monitoring received signal levels, discriminator output and varactor tuning 
voltage. RXMR30VD assembled and tasted $119.95. D. Complete, ready to use communication system 
for voice or mew oporatlon. Ideal tor repeater linking. A power supply capable of delivering 13 volts dc 
at 250 mA(tor a 10 mW version), microphone, and headphone and/or loudspeaker are the only additional 
Items needed for operation. The Gunnplexer can be removed lor remote mounting to a tower or 2 or 4 
loot parabolic anlonna.TR10GA(1O GHz, 10 mW)$390.95. Higher power units available. TR24GA(24 GHz, 

20 mW) $B39.95. Also available: hom, 2 and 4 loot para- 
_ _ a bollc antennae, Gunn, varactor and detector diodes, 

ndv£fcf9£&d search and lock systems, oscillator modules, waveguide, 

BB X - flanges, etc. Call or write lor additional Information, Lai 

Receiver ARR take you hfflher with quasty 10 and 24 GHz equipment! 

Research 

Box 1242 • Burlington CT 06013 • 203 582-9409 EE3 Uftd 
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RATES Noncommercial ads 10* per word; 
commercial ads 60* per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


DX ANTENNAS FOR 160-10 METERS. Small size, broadband, 
high performance. Also, antenna parts, Beverage insulators, wire 
and cable. Low prices and fast service, SASE for catalog W1FB, 
Oak Hills Research, FOB 250, Luther. Ml 49656 

W ANTED: Operating or service manual for Goose! 2 meter linear 
No. EI022, Uses 2826 tubes. R.J. Hemen. K5TFZ. 1321 Bank 
Street, Lake Charles, LA 70601. (318! 439 3406. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy SASE for information. C£t D Electronics, PO Box 
1402. Dept. HR, Hope, AR 71801. 

YAESU OWNERS: Hundreds of modifications and improvements 
for your rig. Select the best from fourteen years of genuine top 
rated Fox-Tango Newsletters fry using our new 32 page Cumula¬ 
tive Index. Only $5 postpaid (cash or check) with $4 Rebate 
Certificate creditable toward Newsletter purchases. Includes 
famous Fox-Tango Filter and Accessories Lists. Milt Lowens. 
N4ML(Editor). Box 15944, W. Palm Beach. FL33416. Telephone 
(305)683 9587. 

R-390A Receiver: $195checked; $115reparable. Parts, tubes, 
sections. Info SASE. CPRC-26 six meter transceiver (see HR, 
March 1985) $17.50 apiece. $32.50 pair (add $4 50/unit shipping) 
Baytronics. Box 59J, Sandusky, OH 44870. 4J9-627 0460 
evenings 

COLLINS WANTED: Inoperative 75S3C or32S3for parts Mike 
Palmer, K5FZ, 16707 Creeksouth. Houston, Texas 77068. (713) 
444-7737 


Foreign Subscription Agents 
(or Ham Radio Magazine 


Ham Radio Austria 
Kann Ueber 
Posltach 2454 
D-7850 loerrach 
West Germany 
Ham Radio Belgium 
Slereohouse 
Brusselsesteonwog 416 
B-9218 Gen! 

Belgium 

Ham Radio Holland 
Postbus 413 
NL-7800 Ar Emmen 
Holland 

Ham Radio Europe 

Box 2084 

S-194 02 Upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis, Ave des Clarions 
F-89000 Auxerre 
France 

Ham Radio Germany 
Kann Ueber 
Postlach 2454 
D-7B50 Loerrach 
West Germany 


Canada 
Send orders to 
Ham Radio Magazine 
Greenville NH 03048 USA 
Prices m Canadian funds 
I yr $29 95. 2 yrs $53 30 
3 yrs $75 40 


Ham Radio Italy 
Via Mamago 15 
1-20134 Milano 
Italy 


Ham Radio Switzerland 
Kann Ueber 
Posllach 2454 
D-7850 Loerrach 
West Germany 


Ham Radio England 
C/0 R.S.G B 
Alma House 
Cranbome Road 
Potters Bar 
Hens EN6 3JW 
England 


'SUPERLOG' Tandy 1000 and PC compatibles. GW-BASIC 
$19.95 diskette. TRS-80 Model 4/4P. BASIC or ML. $29.95. 
KF6CQ, 7438 Kester Avenue, #8 Van Nuys, CA 91405. 

SOME QSLs 100 for $6.25. Sample SASE. WB2EUF, Box 708 
East Hampton, NY 11937. 

B&K Precision solid state signal generator, model E-200D, 100 
k Hz to 220 M Hz $ 75. 00. 4CX1 000, factory sealed $250.00or trade 
for IC-02AT. W7TZO. (503) 267-6064. 

TUBES: 4D32 Raytheon $35.00 each. 4-400A $45.00. 5933WA 
$5.00,12AT7$1 00,12AX7$1.00. Inquire on others. Levy, 101 East 
Driftwood U44, FBG, TX 78624 Te)512 997 2534. W5QJT 

MARCO: Medical Amateur Radio Council, Ltd. operates daily and 
Sunday nets. Medically oriented Amateurs (physicians, dentists, 
veterinarians, nurses, physiotherapists, lab technicians, etc.) 
invited to join. Presently over 550 members. For information write 
MARCO, Box 73's. Acme, PA 15610. 

WANTED: DX200or DX302orR7. Must be in working order and 
good condition. 1116 Bachman Drive, Lexington, SC 29072. 

IBM-PCRTTY/CW. New CompRtty II is the complete RTTY/CW 
program for IBM PC's and compatibles. Now with larger buffers, 
better support for packet units, pictures, much more. Virtually any 
speed ASCII, BAUDOT, CW. Text entry via built-in screen editor! 
Adjustable split screen display. Instant mode/speed change. Hard 
copy, diskeopy, break in buffer, select calling, text file transfer, 
customizable fullscreen logging, 24programmable 1000charac¬ 
ter messages. I deal for MAR Sand traffic handling. Requires 256k 
PC or AT compatible, serial port. RS 232CTU$65 Send call letters 
(including MARS) with order. David A. Rice, KC2HO, 25 Village 
View Bluff, Ballston Lake, NY 12019. 

ELECTRONIC ENCLOSURES: Attractive, reasonably priced. 
Aluminum top and sides. Walnut stained solid wood ends. Variety 
of sizes anti custom sizes available. Sample $5.00 Information free. 
Energy Engineering, Custom Division, Rt 4, Box 330. Fayetteville, 
AR 72701. 

HAM RADIO SETUP in Paradise, CA. 2 B.R. with attached studio 
apt, 1.8 acres and large barn. Tower 6 el. DXX Beam- 1500 ft. 
elev. $135,000.00. Please call(916)-877 8300. 

NATIONAL RADIO EQUIPMENT manual list or NCL 2000 parts 
kits. SASE. Maximilian Fuchs. 11 Plymouth Lane, Swampscott, 
MA 01907. 

ATTENTION AMATEURS Send for Free discount catafog. 
Amateur Communications, 2317 Vance Jackson, San Antonio, 
TX 78213. (513) 734 7793. 


8877 VHF AMP KITS: HVpower supplies, CX600N relays, MuTek 
LTD front end boards for IC251; IC271, EME newsletter and QRO 
parts SASE for new catalog. KB7Q, "Q" Products, 417 Staudaher 
Street, Bozeman. MT59715. 

ELECTRON TUBES: Radio, TV ft Industrial Types Huge inven¬ 
tory. Send for 80% off tube listing. Call Toil Free (800) 221 -5802 
orwriteBox HR, Transleteronk. Inc., 136539thStreet, Brooklyn, 
NY 11218(718)633 2800 

RTTY JOURNAL —Now in our34|h year. Join the circle of RTTY 
friends from all over the world. Year's subscription to RTTY 
JOURNAL, $10.00, foreign $15.00. Send to: RTTY JOURNAL, 
9085 La Casita Ave.. Fountain Valley. CA 92708. 

THEGOOD SAM HAMS invite RV operators to check in the Good 
Sam Ham net 14.240 Sundays 19002also3.890 Tuesdays at2359Z. 
Net control N5BDN, Clarksville, IN 

IMRA, International Mission Radio Association helps missionaries. 
Equipment loaned. Weekday net. 14 280 MHz, 2-3 PM Eastern. 
Eight hundred Amateurs in 40countries. Brother Frey, 1 Pryer 
Manoi Road. Larchmont, New York 10538. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

SELL . Centra/E/ectronrcs No Tune600 Llinear. Ya&suFT301 D 
FT301 S. Century-21. Digital. Century 21 Analog. Keyers. Calibra¬ 
tors. Prices, trades negotiable Please write for details. WANT 
Drake MN 4. HW 202. MFJ910antenna matcher. VHF wattmeter. 
Curtis keyer or 1C. Mirage B 23. Mocom 10 or other 10 meter FM 
rig WA6GER, 3241 Eastwood Road, Sacramento, CA 95821. 

DISCOUNTCATV CONVERTERS/DECODERS and Videoac 
cessories. Send for free information and prices it could save you 
BIG MONEY on your next purchase of these and other CATV 
items Easy View, (HR) PO Box22lK, Arlington Heights, Illinois 
60006. (312) 952-8504. Ask for Rudy Valentine. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Largestock. Next day delivery, most cases. Daily 
Electronics. PO Box 5029, Compton. CA 90224. (213) 774-1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties. Inc.. Dept 301, 4202 N. Drake. 
Chicago. IL 60618. 

RECONDITIONED TEST EQUIPMENT $1 25 for catalog 
Waller, 2697 Nickel. San Pablo, CA 94806. 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith - Many others. 
Lowest dealer prices' Orders shipped within 24 hours! Mastercard, 
VISA, COD accepted Free Catalog call (800) 345 8927 only 
Pacific Cable Co., Inc., 7325-1/ 2 Reseda Blvd,#1016. Reseda, CA 
91335. (818)716 5914. 

HOMEBREW PROJECTS. List SASE. WB2EUF, Box 708, East 
Hampton. NY 11937. 

CHASSIS and cabinet kits. SASEK3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 


COMING EVENTS 

Activities — “Places to go...” 

OKLAHOMA: October 5. The Salt Plains Amateur Radio Club will 
hold their annual Ham Social, Salt Plains Lake, Northern Alfalfa 
County. Covered dish dinner. Talk in on 147.30/90. Inquiries 
to: Gary Gerber, KB0HH, 511 Lincoln, Anthony, KS 67003. 
(405) 842-5076. 


ARIZONA: September 27.CARA — The Cochise Amateur Radio 
Association's Flea Market at the CARA Training Facility on Moson 
Road, Sierra Vista. No charge for tailgating. Free overnight RV 
camping for club members. Talkinon 146.16/76. For more infor¬ 
mation: CARA, PO Box 1855, Sierra Vista, AZ 85636. 


CONNECTICUT: September 28. The Waterbury ARC will sponsor 
a Flea Market, Waterbury State Technical College, off 1-84, 
Waterbury. 10 AM to 3 PM. Admission $2.00 at door. Indoor 
spaces $10/table and tailgating spaces $5. Dealers, sellets setup 
9 AM. ContactGary Firtick, K1EB, 589 Hamilton Avenue. Water 
town, CT 06795 by 9/15/86. 

MARYLAND: October 5. The Columbia Amateur Radio Associ 
ation's 10th annual Hamfest, Howard County Fairgrounds, just 
west of Baltimore, off 1-70. 8 AM to3:30 PM. Admission $3.00 
Spouse and children free. Reserved tables $ 7.00 prior to Septem 
ber30. $8.00 after. Outdoor tailgating $3.00additiona(. Indoor tail 
gating $6.00 additional. Food available. Talk in on 147.735/135, 
146.52/52. For table reservation and information: Mike Vore, 
W3CCV, 9098 Lambskin Lane, Columbia, MD 21045. 992 4953 

PENNSYLVANIA: October 4. Pack Rats (Mt. Airy VHF ARC) 
invitesall Amateurs to the 10th annual Mid-Atlantic VHF Confer 
ence, Warrington Motor Lodge, Rt 611, Warrington and the 15th 
annual Pack Rat Hamarama, Sunday, October 5, Bucks County 
Drive-In theater, Rt . 611, Warrington. Flea market admission $5.00 
per car. Selling spaces $6.00 each. Gates open 6 AM rain or shine. 

GEORGIA: November 1 2. The Alford Memorial Radio Club of 
Stone Mountain is sponsoring Ham Radio and Computer Expo '86, 
Gwinnett County Fairgrounds, 20minutes NE of Atlanta. 9 AM to 
5PM Saturday; 9 AM to4PM Sunday. Admission$4advance, $5 
at door. Forums, awards, VEC exams both days, free cookout 
Saturday night. Activities for the entire family. Superb dealer 
facilities, giant undercover flea market. Discount hotel rooms. Free 
parking, RV sites with ful) hookups. Talk in on 146.16/76. 
449.25/4.25. Information: Alford Memorial ARC, PO Box 1282, 
Stone Mountain, GA 30086 or call N8LM at 404-925-7615. 

NORTH DAKOTA: September 19 21. ARRL Dakota Division Con¬ 
vention sponsored by the Red River Radio Amateurs, Fargo 
Holiday Inn. Speakers: Dr. Tony England, WOORE and ARRL 
President Larry Price, W4RA. Indoor flea market tables $5. Semi¬ 
nars, display, VE exams (no walkins). Breakfast and banquet Satur¬ 
day. Breakfast and flea market Sunday. Talk in on 146.76 repeater. 
Registration $7. For information SASE to Red Rivet Radio 
amateurs, Box 3215, Fargo, ND 58108-3215. 

CONNECTICUT: September 14 The Candlewood Amateur ra¬ 
dio Association's annual Flea Market, Danbury Elk’s Club, 346 Main 
Street, Danbury 9 AM to 3 PM. Dealers 8 AM. Admission $2. 
Tables $8. Tailgating $5. Talk in on 147.72/12. For table reserva¬ 
tions send check or MO to C ARA c/o Gene Marino, 27 Valley View 
Rd, Newtown, CT 06470or call Gene (203) 426-8852. 

CALIFORNIA: September 20 Sonoma County Radio Amateurs 
fourth annual flea market. SAM to 2 PM, Sebastopol Community 
Center, 390 Morris Street, Sebastopol, 5 miles west of Santa Rosa. 
Admission and parking free. Tables $5 advance or $7 at the door. 
Vendor setup 7 AM. VEC exams, radio clinic, exhibits, refresh¬ 
ments. Auction about noon. Talk in on 146.13/73. Forticketsand 
information: SCRA, Box 116, Santa Rosa, CA 95402. 

NEW YORK: September 27. The Elmira Amateur Radio Associa¬ 
tion's 11th annual International Hamfest, Chemung County Fair 
grounds, Elmira. Gates open 6 AM to 5 PM, Tickets available at 
gate or in advance from Steve Zolkosky, 118 Est 8th Street. Elmira 
Heights, NY 14903. Outdoor flea market, dealer displays Break 
fast and lunch served on premises. 

FLORIDA: September 6 7. The 21 st annual Melbourne Hamfest 
sponsored by the Platinum Coast ARS, Melbourne Auditorium 
Saturday 9-5and Sunday9 4. FCCexams, exhibits, swap tables, 
ARRL forum, QCWA, tech, MARS and Net meetings, 2m trans¬ 
mitter hunt. Tickets $3 advance. $4 door. For swap table reserva 
tions (limit 2 adj.). For exam information SASE to PCARS, POB 
1004, Melbourne. FL 32901. 


NEW JERSEY: The Maple Shade ARC is sponsoring its First 
Annual Hamfest, Saturday, September 20, Maple Shade High 
School, Co/es Avenue, Maple Shade. 8 AM to2 PM. Admission 
$5.00 per carload, includes one tailgate space Refreshments, tech 
forums. Talkinon 146.52and 223.02/224.62 W2MX Rpt For more 
information: K3HW, Howard Weinstein, 15 Lakeside Drive, 
Marlton, NJ 08053 (609) 596 3304. 

MISSOURI: SeptemberSwapfest, Sunday, September28, Har 
vester Lions Club Park, Harvester. Sponsored by the St. Peters 
Amateur Radio Club. $1.00 per person to look, swap, sell. Free 
coffee and donuts for early birds. For information: Joe Riordan. 
KG0K, 2760 Hwy 40-61, O'Fallon, MO 63366. 

ILLINOIS: September20 21. Peoria Area Amateur Radio Club is 
sponsoring Peoria Superfest '86, Exposition Gardens, W. North 
moore Road, Peoria. Gate opens 6 AM. Commercial Building 9 
AM. Admission $3.00 advance; $4.00 at gate Children under 16 
free. Amateur Radio and computer displays, hugh flea market, FCC 
exams for all classes Saturday and Sunday. Free bus tn North 
woods Mall Sunday. Fukll camping facilities on grounds. Saturday 
night get-together Heritage House Smorgasboard, 8209 N. Mt. 
Hawley Road, Peoria. Talk in on 146.16/76, W9UVI. For informa¬ 
tion and reservations: SASE to Superfest '86, PO Box3461. Peoria, 
IL 61614. 

CONNECTICUT: September21. The 4th annua) Natchaug ARA 
Giant Flea Market, Elks Home, 198 Pleasant Street, Willimantic. 
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9 AM. Outliers sotnp 8 AM. "Bargins Galore". Free parking. 
Admission $2 Under 16 Iruo. Inside reserved tobies $5 each. At 
the door $7 each. Tailgators welcome. Outside space SB and up. 
A R H l. / VEC exams lor all license classes. Talk in on 147.30/90and 
52. For intorrnohon Ed Sadcski, K Al HR. 49 Circle Drive, Mansfield 
Center. CT06250.12031 456 7029 alter 4 PM. 

CALIFORNIA: Ocfotier 4 Scatcon '86 9 AM io3PM. Cortex Park. 
2441 Cone/ Avenue, West Covina. Tech sessions. Hands tin track 
el. satellite end more. Swaps, vendors. Donation 02 Talk In on 
147 7G5GOO For more information: Bob. N6NGN. (8181917-6470. 


NEW YORK: StipUjmlx!t21, LIMARCsjHinsorsARRL Long Island 
Hamfair. New York Inslilutc ot Technology. Rt 25A/Norlhern 
Blwl. Old Wosthuty Tailgating space $5.00. Hams $3.00 admis¬ 
sion. Spouses, kidsfreo.0pen7:30 AM sellers.9AMbuycrs. Food, 
rohindunonts available. Talk in on 146.85 For more information. 
Hank Wener. WB2ALW 15161484 4322evenings. 

GEORGIA: Septemlter 28. Thu 13thannual Lanierlaraf ARC Ham- 
lest, Holiday Hall, Hotdoy Inn. Gainesville. 8:30 AM Freer lahlos 
and intutlc display area (or dealers urterving in advance. Large (Mark 
ing lot lot Flea Market. Novice-Extra VEexams beginning9 AM 
Talk in on 146.07/.67. For information and reservations. Paul 
Watkins, W4FDK, 5435 Mallard Point. Gainesville. GA 30501 <4011 
536 8280 

MICHIGAN: September 14. L‘ Arise Crensc ARC will have its 14th 
annual Swapand Shop, L'Anse Oeuse High School, Mt Clemens. 
0800 1500. Admission $1.00 advance, $3.00 all he door, Plenlyof 
fond and parking. Trunk sales $4.00/spnc«. 
Inside tables $8 00 each. For t ickels and table reservations S ASE 
tu Maurice Sr.hieter.atte. N8CEO. 15835 Tow aim; Ct, Mi, Clemons. 
Ml 48044 13131286 1843 

ONTARIO: September 20 Packet Radio Symposium co 
sponsored by the Hox-9 Group ol the Hume ARC and Georgian 
College. Barrie. Flea market in the morning. Guest speakers Harold 
Price, NK6K, a director ol AMSAT anil Ed Jackson ol Buffalo 
Admission $5.00 Talk in on 146.25/146.85 VE3LSR Inquiries: 
Hex-9 Grout). Box 151. Orillia. Ontario. Canada L3V 6J3. 

MASSACHUSETTS: The Chelsea Civil Delense will sponsor 
Amateur Radio evening classes at Chelsea High School starling 
September II. 1986 for those wishing tu obtain a Novice. 
Tech/Genetal license Tlnrre will be a minimal fee lor materials cost 
only. Share in a great hobby) For more information: Frank Masucci, 
136 Grove Street, Chel3cn, MA02150 Ploose include your phone 
manlier. 

1986 - BLOSSOMLAND BLAST" Sunday, October 5. 1986. 
Write "BLAST". PO Box 175. St. Joseph, Ml 49085. 

CALIFORNIA:FCCexams.Novice Extra SunnyvaleVEC ARC 
f408i 255 9000 24 hour 73. Gordon. W6NLG, VEC 

MASSACHUSETTS: 1 he MIT UHF Repeater Association and the 
MIT Radio Society oiler monthly Ham Exams. All classes Novice 
to Extra Wednesday. September 1 7, 7 PM, MIT Room I 134. 77 
Mass Avenue, Cambridge MA Reservations requested 2 days in 
advance. Contact Ron Hollmann 16171 253 0160 ‘646 1641 or 
Craige Rodgers (617) 494 1986. Exam lee $4.25 Bring copy of 
current IceuSHil anyl, two Ioin>$ol piCluietDond completed lorm 
610 available Irani FCC in Boston f223 66091 

MASSACHUSETTS: September 28 Hie Wellesley Amateur 
Radio Socio I y's annual outdoor Flea Market. Wellesley Senior High 
Sctiool par king lot, Rice Street, Wellesley 9 AM to 2 PM. Admis 
sion $1.00 tor buyers and $2 00 tor sellers. Light refresh menlsavail 
aide Talk in on 147 63/03 repeater 

NEW YORK: Ortolan 5. Electronics Fae and Giant Flea Market. 
Yonkers Municipal Parking Garnye. Neppertian Avenue and New 
Main Street 9 AM lo4 PM Satellite TV. SSTV, Amateur Radio. 
Computers and more Giant Auction 2 PM Unlimited tree coffee 
all day. Admission $3.00. Children under 12 tree. Sellers $7 00 per 
parking space, one admission. Bring tables. For information call 
1914(969 1053. 

NEW YORK: September 6 Ham O Rama fa Compulerfesi ’86 
Niagara Falls Ititemaiional Convention Center. Niagara Falls 7 AM 
to 5 PM. Displays, lech programs, computer displays. FCC exams, 
All enclosed Ilea market. Sell Irom ytnir carl General interest 
programming including tours ol the Falls, Registration $3.50 
arlvancehy 8/20/86, $5.00at the gate Inside tailgating $5.00 lot 
8' x20 area, For mnruinlomuMiori Nelson Oldfield. W22SJ. 126 
Greenaway Blvd. Cheektowaga. NY 14225. 

NEW MEXICO: Septcmlier 27 and 28 Cemp Stormy. 8 miles oast 
0 < Santa Fa. Saturday ARRl VEC exams. Free camping at 
Camp Stormy Saturday night No hookups Sunday, tailgate flea 
market. Registration $5.00 lor adultsand$2.00 lor kids under 1? 
Includes Sunday BBQ, Talk moo 146.22 82 repealer o I 14G.52. For 
more information SASE in Alan Hill. N5BGC. 2020Calle Perdu. 
Santa Fn, NM 87505 

MICHIGAN: OctolMU 12. Ham f air 86. Michigan National Guard 
Armory, 2500 S Washington Avenue. Lansing 8 AM to 3 
PM, Dealer sales, swap shop, handcraftediloms, FCC exams start 
ing 1 PM Register for exams by Septeinbei 12. Donation $3.00 
adults Handicap facilities on premises Ftu information and nrsoi 
vations: Rowenii Elrod, KA80BS. 11I Luncelol Place. Lansing. 
Ml 48906 (517)482 9650 

PENNSYLVANIA: Sepltm.lmi 20 2) York I Imnluftl spon-Kwedhy 
the York ARC. Keystone VHF Club. Perm Mai RC ami Hillstop 
Transmuting Association. York Fairgrounds, Rt 74, NR corner of 
the city . Seminars, tailgating, displays, bangnel anet FCC exams 
Saturday. Tailgating and displays Sunday Registration $3 00 per 
day or $5.00 both days Women and children under 12 hue 
Hanging $1(1 per poison advance registration only. Tailgating $4 
per day tu $6for bolhdays Indoor area tables $5and up put day 
York Ham fust Box W. Dovui. PA 17315. 


NEW JERSEY: October 4. The Orange County ARC wil hold 
tls Horniest and Auction, John S Burke Catholic High School 
9 AM to 3 PM. Tailgating $3.00. Setup 8 AM. License exams 
starling 9 AM. Admission $3.00. Tables $7.00. T alk in on 146.76 
Rpt .and 146.52 simplex For more information call Bob. WB2ENA 
1201)767 6698 

MICHIGAN: September 20 GRARA Swapand Shop. Hudson- 
ville Fairgrounds, Hudsonville Open 8 AM. Admission $3.00. 
Reserved tables $4.00. For information and rosorvations. Larry 
Ko/al. K8PUJ. 864 Coltlbrook NE. Grand Rapids. MI49503.1616) 
459 8722 

ILLINOIS: September 21. The Chicago ARC will hold an Open 
House in conjunction with itsGOtli anniversary. 10 AM to 8 PM al 
the North Park Village. 5801 N. Pulaski Avenue, Chicago. Special 
event station on 20 and 40m SSB will operate during those hours. 
All harns and those interested in Amateur Radio are invited. Fm 
information call 1312) 545-3622or write CARC. 5631 W. Irving Park 
fload, Chicago. 11.60634 

OPERATING EVENTS 

“Things to do...” 

September 4-7; T he Sin Rockaleilow Amateur Radio Society ol 
Plymouth, Ml willI m; celutuanng llteir 25th anniversary.lnconjunc¬ 
tion with Did Plymouth Fall Festival, operating radio station 
W3NJII A certificate will he issued for QSL and SASE. QSL via 
W8NJH nr WD8IAE CBA 

September 6: AT&T Bell Lobs Whippetiy ARC will operate 
W2TW. 13002 to 22O0Z commemorating its 30th anniversary. 
Operation in lower portions oi 10 80 General phone hands. For a 
OSL send SASE andOSL to WB200C). Rick Anderson, 243 Mono 
tllin Avenue. Murray Hill. NJ 07974 

Seplombor6: Tfie IG0 Meter BulkitinSSB Contest 0012 tu 24002 
September 7. Single and rnulti opera tor classes. Send logs to 160 
Metet Bulletin e/n R Koriornkowski. KA1SR. 5 Watson Drive. 
Porlsmoiiih. Rl 02871 

September 6-7: The Radio Association of Erie t W3GVJ will com 
nnuumorate Commodore Perry’s victory at the Battle of Lake Erie 
during tho War of 1812.9 AM to9PM Saturday and 9 AMto5PM 
Sunday local liner. A special attempt will he marie to contact like 
vessels of that period and other Great Lakes Historical Vessels Sun 
day at 1 PM Special QSL and huaoncai information on Flagship 
Niagara via W3GV, POBo*844 Erie. PA 16512or W3QSL Bureau 
for DX Stations Please send business SASE 

September 13,14 and 20.21: The Valley ol the Moon ARC will 
operate special event station N6KM to commemorate writer. Jack 
London, author ot "Coll ot Dio Wild’' and “The Suu Wolf'from his 
Itorne. Woll House in Jack London State Park. Glen Ellen, Califor¬ 
nia. A Iieautifiil8xt 1 certificate suitable for framing, wilfi London's 
picture and history, is available for a QSL card and $ 1,00 sent to 
VOMARC. 358Patten Street. Sonoma, CA95476 For an unfolded 
certificate, please send 9x12 SASE. 

September 27: California QSO Parly. Sponsored by Die Northern 
California Contest Club Si a irons outside California work as many 
CA stations in as many CA counties as possible. Stations in CA 
work anyone CA stations send OSO number and county Outside 
stations send OSO number and state/ province/country. All logs 
and summary sheets must by send to NCCC c/O Gary Caldwell, 
WA6VEF. 1830 Polk Street, Concord. CA9452I by Novembei t. 
1986 

September 7-14: Southern Counties ARA will operate special 
event station K2BR during ihc Miss America Pageant. Atlantic 
City, Now Joisuy. QSL SASE vet SC ARA. Box 121. Linwonrt. NJ 
C8221 

September 6: The Wosi Alatiama Amateur Radio Society will 
sponsor a Special Event Station in honor of college football anti 
us greatest coach. Paul' ‘Bear "Bryant. Listen lot WD4DAT from 
I300Z to 23002. To receive Die luxxlsomcflxl 1 certificate SASE 
with youi OSL card |u WAARS Special Event, PO Box 1741. 
Tuscaloosa. AL 35403 

September 28: The Mahoning Valley ARA will operate W8QL Y 
liorn Boaidman Park during the Annual Rotary October lest 
Celebration Ft eg: 40 and 20 phone. 145 01 packet For a special 
OSL certificate, sent! stand,ml SASE to MVARA October lust 
Station. PO Box 2950. Youngstown. Ohio 44511 

W.E.C.A. (Westchester Emergency Communications Assoc in 
lion) initiates Equipment/ "Elmer" Banks to help new hams get on 
Die ait. More inlormation write the club at PO Box 13t. Nunli 
Tarry town. NY 10591 

OX CERTIFICATE. Nigerian Amateur Radio Society announces 
its "NARSat 25 Award ' l oom:m;rageinor«»contact with Nigerian 
Amateur Radio stations. DX stations need In work only 5 Niger tan 
liam stations to obtain this DX certificate. Send prool of contact 
|)lus $5 00 to NARS at 25 A wan I PO Box 2873. Lagos. Nigeria. 
West Africa 
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HIGHEST QUALITY 

.re »«, 

Crank-lip * TELESCOPING (CRANK-UP) 

Mndil T-BB-H • GUYED (STACK-UP) 

• TILT-OVER MODELS 
Easy to Install. Low Prices. 
Crank-ups to 100 ft. 


EXCELLENT FOR 
AMATEUH COMMUNICATIONS 



Over 36 types aluminum 
and steel towers made- 
specials designed and 
made—write for details 


SPECIAL 

Four Section 50 Ft. 
|Van Mounted Crank-UpL 


Fixed But 

-tiH 



i ALUMA TOWER CO. 

jjj BOX 2806HR 

l| VERO BEACH, FLA. 32960-2806 
If (305) 567-3423 TELEX 80-3405 
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MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 



WITH TEC-200 FILM 

JUST 3 EASY STEPS: 

• Copy circuit on TEC-200 lilm using 
any plain paper copier 

• Iron film on to copper clad board 

• Peel oil lilm and etch 

SATISFACTION GUARANTEED 
convenient 8VY x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 

arid S t OOposlaac - NY res add sales tax 

The MEADOWLAKE Corp. 

Dept. H. P.O. Box 497 
Northport, New York 11768 


- 181 


SAY YOU SAW IT 
IN 

HAM RADIO 


September 1986 OS 107 







circuit boards keep 
pace with electronic 
developments 

Many of us may view printed circuits 
(PC's) as one of the necessary, but less 
glamourous aspects of modern circuit 
design. But the people whose job it is 
to keep pace with developments in cir¬ 
cuit evolution have done some rather 
marvelous work in the PC area. Forex- 
ample, take a look at one of those plug¬ 
in cards for your personal computer — 
you'll see 50 chips, a ton of compon¬ 
ents, thousands of interconnects, and 
hundreds of circuit lineson six layers of 
PC! Chances are you're getting all this 
for a couple hundred bucks. 

Manufacturing modern microwave 
PC's requires a degree of magic just 
slightly removed from potions using bat 
wings and butterfly ears. 

Because of the very small dimensions 
associated with frequencies above 2 
GHz or so, the stability and dielectric 
characteristics of the substrate become 
a limiting consideration. Teflon and 
ceramic dielectrics are used extensively 
— but these are very expensive materi¬ 
als and may cost 50-100 times as much 
(per square unit) as conventional 
commercial-grade board materials. Be¬ 
cause of the dielectric and radiation 
losses associated with microwave fre¬ 
quencies, it's not uncommon to have 
the dielectric bonded to a metallic struc¬ 
tural member. This provides shielding, 
thermal conductivity, and all-important 
dimensional stability. The copper foil 
used in such applications is electrolyti- 
cally formed and may be only 50 mil¬ 
lionths of an inch thick (remember the 
''skin-effect” at very high frequencies). 
Transmission lines, filters, inductors, 


etc. may have line widthsas small as one 
thousandth of an inch. Since the 
characteristics of filters at high micro- 
wave frequencies will depend on ac¬ 
curate physical dimensions, great care 
goes into the selection of the piece of PC 
material that will be used for a given de¬ 
sign. At these frequencies it's not un¬ 
usual for a designer to finalize his design 
only after he has procured enough ma¬ 
terial to assure that he can make all of 
the circuits of a given type that he ex¬ 
pects to produce. 

Next time you pick upa modern com¬ 
plex circuit card, remember that the 
card itself is one of the miracles of our 
current revolution. 

signal encryption 
techniques reach maturity 

Recent legislative activities aimed at 
preventing the reception of certain com¬ 
mercial signals may be less relevant in 
light of the technical means for security 
employed by many electronic commun¬ 
ications systems, In the early 1970s a 
data encryption protocol called DES- 
Date Encryption Standard was devel¬ 
oped . This technique is used to protect 
computer records, financial transac¬ 
tions, diplomatic traffic, and so on. 
More recently, the operators of broad¬ 
cast satellites have begun using DES 
subsets to encode entertainment sig¬ 
nals for C-Band satellites. 

The basic technique is along the fol¬ 
lowing lines.. .Thedata is organized into 
64 bit words whose right and left 32 bits 
are swapped in accordance with a cod¬ 
ed scheme. The code is a 56 bit word 
which organizes the structure and rate 
atwhich the32bitwordsare swapped. 
Additional logic operations are per¬ 
formed to compare the right and left 


hand words. If they don't match in a cer¬ 
tain way, one of the words is replaced 
and a new sequence generated. This 
process can be extended to sevral lev¬ 
els, and the code can be changed almost 
continuously. If you think for a moment 
about the size of number like 2 32 times 
2 56 you will quickly see why this system 
has substantial security — the number 
of possible combinations is astronomi¬ 
cal. At this time there are no validated 
reports of any person or organization 
having successfully developed a techin- 
que for decoding DES data without a 
prior knowledge of the code. 

Several companies are already pro¬ 
ducing both encryption and decoding 
systems using the DES standard. Al¬ 
though the cost is still a bit high for the 
very low end of the business communi¬ 
cation market, prices are coming down. 
As it has done for us in so many other 
areas, the TV market is providing the 
impetus for mass production of DES 
decoders. One can only hope that those 
commercial users who would support 
highly restrictive legislation on the use 
of the airwaves, can be equally en¬ 
thusiastic about using modern technol¬ 
ogy to protect their customer interests. 

The possible amateur uses off these 
advanced coding techniques is not 
clear, since encryption is prohibited in 
amateur communications. However, 
the basic techniques land especially the 
custom chips) might eventually make 
low cost audio and video digitizers avail¬ 
able to the amateur service. This may 
made possible considerable improve 
ments in spectrum utilization through 
data compression and frequency/time 
multiplexing. 
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a monument to the past? 

At the latest ARRL board meeting, the Board of Directors voted to approve in principle the construc¬ 
tion of an Amateur Radio museum and visitors' center in Newington. As proposed, the new facility would 
include6500 square feet of exhibit space, with several Ham stations representing the progress of Amateur 
radio through the years on display. There would be a member's library, a lounge, a film viewing room, 
a small gift shop, and several other sundry rooms — plus extensive renovations for W1 AW. The facility's 
opening would coincide with festivities marking the League's 75th Diamond Anniversary in 1989. Total 
cost: an estimated $2.7 million. 

What comes immediately to mind upon hearing this proposal is that the Board has established a set 
of priorities that appear to be contrary to the needs of the hobby. By this I mean that we have a far greater 
need to ensure our future than we do to preserve the past. 

This is not to say that the League is not thinking about the future of Amateur Radio. At the October, 
1984 Board meeting, two optimistic goals were set: one, to recruit 50,000 new hams per year for the next 
five years and two, to increase ARRL membership by 25,000 by the end of 1985 and by 20 percent per 
year thereafter (see QST, 12/84, p. 52). At the most recent board meeting, however, the League's ex¬ 
ecutive vice president reported that League membership hasgrown from 129,698 to 139,910 — an increase 
of approximately 8 per cent. *The same report disclosed only a 2.3 percent increase in the number of hams 
during 1985. (QST, 9/86, p. 63). So while the League has done a fair job increasing its membership, it 
hasn't come close to meeting its number-one goal: increasing the Amateur ranks. 

On the positive side, several good things are happening. Most notably, the Archie comic book — a 
$20,000 project, half-funded by the ARRL, promoting Amateur Radio to youngsters — is nearing com¬ 
pletion and should be ready for distribution as you read this. A League-sponsored proposal for the ex¬ 
pansion of Novice privileges awaits consideration by the FCC. The VEC program seems to be working 
successfully. 

Bringing the museum and visitors' center to completion will consume a tremendous amount of time 
in planning, fund-raising, construction, and installation and maintenance of the exhibits. Once established, 
operating costs will increase the League's budget as new employees are added to meet the increased needs 
of the larger physical plant. Over the next few yea rs, the executive vice president and A R R L staff will spend 
an inordinate amount of time on this project — time that would be better spent working to meet the goals 
set by the Board in 1984. 

Can you imagine what could be done with a $2.7 million "war chest?" That's more than 270 times the 
ARRL contribution to the Archie project alone! The scope of projects that could be instituted with this 
kind of funding is mind-boggling. 

There'd be money to support a speakers bureau to send dynamic, persuasive representatives of Amateur 
Radio into schools, scout meetings, and other places where potential hams congregate. Attractive educa¬ 
tional materials based on an upbeat theme (how about Amateur Radio — 75 years young and looking for 
YOUR ) could be professionally produced and distributed. Movies, public service announcements, posters, 
and other promotional materials could be made available. How about producing a set of low-cost, instruc¬ 
tional videotapes (or disks for popular home computers) for self-teaching or small-group study of the fun¬ 
damentals of Amateur Radio — a la Tune In The World? I've just scratched the surface; there are 
innumerable ways this money could be used to advance the cause of Amateur Radio. 

A far better achievement to mark the 75th Diamond Anniversary of the ARRL would be to meet or ex¬ 
ceed the goals established by the Board in 1984. Preserving the past is an admirable goal indeed — but 
not at the cost of the future! 

Craig Clark, N1ACH 
Assistant Publisher 
ARRL Life Member 
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AUTOMATIC TRANSMITTER IDENTIFICATION HAS BEEN PROPOSED BY THE FCC in a Notice of Proposed 
Rule Making released August 8. Though General Docket 86-337 is directed at video satellite 
uplink stations in response to "Captain Midnight" having broken into an HBO movie last spring, 
of more importance to Amateurs and other services is a Notice of Inquiry also included, asking 
whether an Automatic Transmitter Identification System (ATIS) shouldn’t be required for all 
transmitters U3ed by the various FCC licensed services! 

Man y A TIS Are Alre a dy In Use In Polic e and other U.S. communications systems. In the mid 
70s, at the height of the CB craze, ATIS was also proposed for that service as a means of 
curbing the rule-breaking so rampant at that time. It was not adopted. 

No Spec if ic Suggestions For General ATIS Use were made by the FCC in its NOI. Instead, they 
a3k only general questions (about the need for ATIS, its applicability, implementation, timing, 
format, and similar subjects) and seek user response to the proposal. They also solicit 
comments on adding ATIS to existing radios, though the resulting logistical and financial 
burden would make that possibility rather unlikely. In conclusion, the NOI also suggests that 
various u3er groups and other interested parties may wish to form an "Advisory Committee" ~~ 
possible with FCC support to review the many issues involved and devise a mutually 
acceptable ATIS format. 

Comments On The ATIS Proposal. General Docket 86-337 . are due at the Commission on October 
20; Reply Comments must be submitted by November 19. 

JAG-1, RENAMED "FUJI" BY THE JAPANESE, IS UP. Launched August 12 from Japan's Tanagashima 
Space Center, the new OSCAR’s Mode JA transponder (145.9-146.0 MHz up, 435.9-435.8 MHz down 
inverted) has been working well, though users report deep spin-induced fading because the 
satellite hasn't yet stabilized. Considerable user dexterity is also required to compensate for 
large doppler shift (up to 15 kHz) as a result of the satellite’s rapid orbital travel. Users 
are reminded to correct for doppler shift with the transmitter's VFO rather than the receiver. 

OS CAR 10Continues To Come On And Shut Down as programmers try to determine what parts of 
the bird’s damaged memory still function, then write software that will provide reasonably 
reliable operation. At presstime OSCAR 10’s future is unknown. 

FEDERAL RULES LIMITING RF EXPOSURE SEEM ALMOST CERTAIN, with three government agencies now 
involved in their development. The Environmental Protection Agency is leading the effort, with 
the Food and Drug Administration participating and the FCC also involved to some degree. 

Exposur e Limits S uggested By ANSI ( American National Standards Institute) have long been 
voluntary in the U.S. The RF exposure limits in many other nations are much stricter, however, 
and it appears that the EPA may adopt a standard that is five times stricter than the ANSI 
limits. U.S. commercial radio interests, though concerned about the proposed EPA rules, appear 
likely to go along with the federal effort in order to forestall further development of 
inconsistent Individual state RF exposure regulations. 

Though Amateur Radio Had Been Exempted from much previously proposed RF exposure 
rule making, it appears likely this time all services will be covered. What effect all this 
will have in the real world of transmitters and antennas remains to be seen. 

RESPONSIBILITY FOR ALL AMATEUR EXAM QUESTIONS WAS DELEGATED to the Amateur Radio community 
through the Volunteer Examiner Coordinators in an FCC Report and Order released at the 
Commission’s Washington VEC Conference August 9. The Commission’s decision on PR Docket 85-196 
had been opposed by the ARRL out of concern for exam uniformity; the FCC said "VECs are capable 
of satisfactorily performing the task and are in the best position to do it in their role as 
coordinators." However, the Commission did agree with the League that exam standardization was 
important, and an important result of the VEC conference was the establishment of a "Committee 
for Question Pool Maintenance" made up of N4BAQ (Western Carolina VEC), WB9IHH (ARRL VEC), and 
W6NLG (Sunnyvale VEC). Questions for Amateur exams can come from many sources, but their 
acceptance for the exam pool will be by this committee. 

A_Nev* Class Qf_ Volunt eer Exa miner. The "Preparing Volunteer Examiner ." was another 
development of the Report and Order. Present VEs will now be known as "Administering VEs" 
(AVEs), while the PVEs will be individuals who submit questions for or prepare exams for use by 
the VECs or AVEs. PVEs will also be permitted to market packaged exams to AVEs. 

iLOASE Comp let e_Hovic e ^gW_an d Written gxaffi Pack a&S, is now available free to VEs and 

clubs on a first come, first-served basis from CARE, Box 688H, Glenview, IL 60025. 

STILL ANOTHER VERSION OF THE COMMUNICATIONS PRIVACY ACT was introduced in the Senate just 
before summer recess, but didn’t make it to the Senate floor before adjournment. This new 
version permits monitoring Land Mobile transmissions and reduces some penalties for violations 
of the Act. Added, however, is a new 1 to 10-year prison term and up to $250,000 fine for 
willful interference to satellite communications ("Captain Midnight" vs. HBO). 

Whether The Summer Recess Will Result In Still Further Changes in the Act is uncertain, 
though the pressure to further temper its repressive aspects continues. 

A NEW "INTERFERENCE HANDBOOK" HAS BEEN ANNOUNCED by the FCC. The extremely well done 
64-page manual covers essentially all kinds of TVI and RFI and also includes information on 
obtaining assistance from most home entertainment electronics manufacturers. It’s available 
free for the asking from any FCC Field Office. 
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YLs in Amateur Radio 

Dear HR 

Though once considered a man's 
hobby. Amateur Radio is now seeing a 
growing influx of YLs. Although the 
theory and code requirements are the 
same for both genders, some are voic¬ 
ing their concerns about the growing 
number of licensed YLs and the long¬ 
term effect on "their" repeaters. Many 
have expressed fears that the bands will 
soon be overrun by inexperienced YLs 
who will turn 2 meters into a glorified CB 
band filled with meaningless gossip. 

To be adequately prepared for enter¬ 
ing the world of repeater operations, I — 
a newly licensed technician — first 
turned to the FCC manual on Rulesand 
Regulations. Although a basic descrip¬ 
tion of repeater operation was given, it 
was suggested that the local repeater be 
monitored to observe the accepted 
operating procedures. So, to avoid any 
further accusations of engaging in 
meaningless gossip, I monitored the 
local repeater for approximately four 
hours and compiled a list of accepted 
topics currently being discussed by the 
OMsand noted some basic acceptable 
operating procedures: 

• You may talk about baseball, football, 
cheerleaders and the girls in the 
stadium. 

• You may talk about your favorite res¬ 
taurant, thefoods you are most hun¬ 
gry for, and how long it has been 
since your last meal. You can even ex¬ 
change recipes. 

• You may talk about car repairs, home 
repairs, or even vacations. But if 
you're a YL, don't mention house¬ 


hold chores such as laundry oryou'll 
be accused of trashing the air waves 
with CB type communications. 

• You may talk about your wife's 
moods, her dermatological prob¬ 
lems, and even her dental problems. 

• You may discuss gardens, grandchil¬ 
dren, and pets or even "the old lady" 
back at the home QTH. (I thought Q 
signals were for non-verbal commu¬ 
nications?) 

• Hobby talk is acceptable if the hobby 
happens to be golf, cycles, fishing, 
guns, or photography. 

• If it's Sunday, you may discuss 
church services, choirs, attendance, 
and even have "roast minister." 

• You may comment on road construc¬ 
tion or complain about the car in front 
of you or the car behind you. I But if 
you're a YL, don't mention that 
you're mobile chaffeuring children or 
you'll be accused of misusing the 
repeater.) 

• OMs can ask: "What's up?" or 
"What's happening?" or "How are 
things with you?" But if you'rea YL, 
you'd best refrain — because you'll 
be accused of attempting meaning¬ 
less gossip and it will be implied that 
you should stick with the telephone. 

• You can certainly talk about the 
weather.... 

• If something is funny, don't laugh or 
you'll be accused of being tacky. A 
verbal "HI HI" is acceptable, how¬ 
ever. Don't giggle — you'll be ac¬ 
cused of flirting. 

• I've also observed that it's apparent¬ 
ly acceptable etiquette for an OM to 
sneeze, cough, clear his throat, or 
even burp into a keyed mike. 

I don't mean to cause undue strife in 
the Amateur Radio community or cause 
a battle between the sexes, but honest¬ 
ly, give us YLs a chance! We worked 
just as hard as you did to get our licenses 
and we hold the same pride in our ac¬ 
complishments (and the same license) 
that you do. We too are unimpressed 
with the CB mentality and want the 
Amateur Radio bands to maintain the 
high standard of operation that first 
attracted us to this service. 

So, OMs, please listen first before 
you cast stones. 

(Name Withheld by Request) 


increasing Amateur 
ranks 

Dear HR 

Recently three local Amateur clubs 
— the Enfield Radio Amateur Group 
(ERAG), the Mt. Tom Amateur Repeat¬ 
er Association, and the Pioneer Valley 
Repeater Association — joined in a ven¬ 
ture to increase public awareness and to 
encourage growth of the Amateur 
fraternity. 

A large local shopping mall allowed us 
to put on an Amateur Radio display in 
the central concourse; the mall agreed 
to provide professionally lettered dis¬ 
play signs, assist in the erection of the 
tower, antennas, and power drops, and 
also agreed to supply tables and drop- 
cloths. The radio clubs were required to 
have insurance coverage. 

Several displays were set up to dem¬ 
onstrate packet radio, HF communica¬ 
tions, traffic handling, and VHF 
repeater operations. A VCR presenta¬ 
tion covered Amateur emergency com¬ 
munications. While several club mem¬ 
bers manned these exhibits, others 
talked to the public, answering ques¬ 
tions and obtaining the names and ad¬ 
dresses of those interested in becoming 
Radio Amateurs. 

During the first day, several hundred 
people viewed the exhibit and 45 en¬ 
rolled in Amateur licensing courses 
offered by ERAG. 

Peter J. Bertini, K1ZJH 
Somers, Connecticut 


Invitation to 
Authors 

ham radio welcomes manu¬ 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid¬ 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). 
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ACSSB: 

a level-one adapter 


Expansion and compression 
techniques can yield 
significant S/N improvement 

Everyone who uses communications frequencies 
is aware of the problems of channel sharing and inter¬ 
ference. In many parts of the United States, repeater 
coordinating councils have declared the 2-meter sub¬ 
bands "full." The CB bands are hopelessly cluttered, 
and commercial users of VHF/UHF frequencies are 
searching for a solution to channel overcrowding in 
the land mobile bands. Obviously, better spectrum 
management — re-use of existing channels, for exam¬ 
ple — or new spectrum-saving techniques will be 
necessary if these problems are to be solved. 

One spectrum-saving technique just beginning to 
be used in commercial communications is ACSSB 
(Amplitude Companded, or "compandored," SSB). 
This system consists of a compressor at one point in 
a communication path (to reduce signal amplitude) 
followed by an expander at another point (to improve 
the ratio of the signal to the interference entering the 
path between compressor and expander). Unfortu¬ 
nately, current implementations of the technology are 
quite expensive by Amateur standards (over $1200). 
ACSSB systems provide the following: 

• 4:1 compression of speech during transmission; 

• 1:4 expansion during reception; 

• Transmitter spectrum equalization (pre-emphasis); 

• Receiver spectrum equalization (de-emphasis); and 

• Pilot tone reference for AGC control (up to 20-50 
Hz fading, typical), automatic frequency control 
(phase locking), and squelch operation. 

The process of compression on transmit and expan¬ 
sion on receive is called "companding" or "compan- 





By James Eagleson, WB6JNN, 15 Valdez Lane, 
Watsonville, California 95076 
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doring." For signals above a certain threshold level (5 
dB for 4:1 and 10 dB for 2:1 systems), the apparent 
signal-to-noise ratio will be improved by the com¬ 
pander ratio (either two or four times). 

Thus, these systems provide all of the normal con¬ 
veniences of hands-off operation found in FM sys¬ 
tems, but require a channel spacing of only 5 kHz 
instead of the usual commercial 20 to 25 kHz spac- 
ings. (Amateurs use 15 kHz in some instances, but for 
similar channel-to-channel protection ACSSB chan¬ 
nels could be spaced 4 kHz apart). Furthermore, the 
quieting and capture performance is very similar to that 


^Transparency - The ability to pass natural, uncolored sound. Related to 
SNR, harmonic b intermodulation distortion, tonal balance, transient and 
phase responses ol a system. 


of FM, with ACSSB having slightly improved 
threshold over FM, although FM has somewhat bet¬ 
ter transparency.* But $1200 is still $1200! 

level-one circuit 

A system offering several of the same performance 
advantages as commercial ACSSB, but at a fraction 
of the cost, has been developed by Project OSCAR 
for use with OSCAR 10. Unlike the commercial ver¬ 
sions, which require complete integration of RF and 
processing circuits, this basic — or Level One — cir¬ 
cuit will also work with most SSB transceivers and 
provide meaningful performance improvements when 
used on HF through UHF bands. 

The Level One ACSSB adapter allows: 

• 2:1 compression on transmit (fig. 1); 

• 1:2 expansion on receive (fig. 1); 

• Transmitter spectrum equalization (pre-emphasis) 
(fig. 2); 

• Receiver spectrum equalization (de-emphasis) (fig. 

2 ). 

At this time there is no provision for a pilot tone 
AGC circuit (which could be termed Level Two); how¬ 
ever, work is scheduled to provide a Level Two unit 
that will enhance the Level One adapter by providing 
a pilot-tone AGC system, squelch, and possibly a 
second level of companding (yielding a total of 4:1 
companding). For simplicity the Level Two circuit will 
not use phase locking of the pilot, but will be manu¬ 
ally tuned instead. 

transmit adapter 

The transmit adapter (fig. 3 and table 1) has a 
microphone preamplifier that increases the audio to 
the proper level for processing. This preamp also pro¬ 
vides a moderate level of pre-emphasis — about 4-5 
dB at 3000 Hz. 

The microphone selected should be low impedance 
(under 500 ohms). Otherwise the remaining op amp 
in the 3403 (quad op amp) should be made into a 
buffer stage in front of the preamplifier stage (fig. 4). 

As shown in fig. 2A, normal distribution of voice 
energy drops off rapidly above 700 to 800 Hz. The 
second stage in the transmit adapter equalizes this 
dropoff by boosting frequencies above 800 Hz to com¬ 
pensate for the rolloff. Thus the audio energy is spread 
evenly across the entire 300-3000 Hz spectrum (fig. 
2B). Figure 2C shows system response with net or 
combined equalization. 

This provides several advantages. First, it provides 
more high tones to allow the ALC to function more 
efficiently (more cycles per second allows faster attack 
time). Secondly, it reduces the intermodulation prod- 
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ucts somewhat by lowering the relative level of low 
voice tones. Thirdly, it raises the important sibilant 
("ch," "s," "f") sounds so that they will be above the 
receiver's noise level entering the radio instead of being 
8 to 12 dB below the noise, as would be the normal 
case at 10 dB signal-to-noise ratio (SNR) without 
equalization. 

The third stage provides 2:1 compression at a syl¬ 
labic rate. Each syllable is compressed individually so 
that the typical 40-dB dynamic range of human speech 
is compressed into only about 20 dB of output level 
change. This technique, borrowed from telephone 
long-line services, uses the NE570 or NE571 integrated 
circuit. Similar techniques are used for Dolby and DBX 
recording systems. 



The advantage of the 2:1 compression used here 
over normal compression techniques is that the rela¬ 
tive dynamic changes in speech levels, though modi¬ 
fied, are maintained after compression. Most compres¬ 
sors merely suppress loud sounds falling above a 
certain level. A 2:1 compression ratio generally 
presents a more pleasing and natural sound to the 
audio since relative dynamics are maintained. 

Furthermore, due to control of each syllable the 
average power will be raised somewhat. While not as 
effective as RF clipping, the 2:1 compressor has bet¬ 
ter harmonic and intermodulation distortion capability. 

Finally, the audio is attenuated to microphone audio 
levels once again then fed to the transmitter. To pro¬ 
vide maximum flexibility with the adapter individual 
switching is provided for each stage. This can be used 
or not used, as required. A second level of equaliza¬ 
tion is provided for use with stations that do not have 
the receive adapter. Normally about 15 dB of boost 
is used. A switch setting giving only about 10 dB is 
available also. Of course, 2:1 compression only can 
also be used, though the slight pre-emphasis, 5 dB, 
is present all the time. 

receive adapter 

The receive adapter deprocesses the transmitted 
signal by restoring the original frequency response and 
dynamics. A schematic diagram and parts list are pro¬ 
vided in fig. 5 and table 2. 

A gain stage allows optimizing the levels into the 
adapter while using normal volume settings on the 
receiver's volume control. It will also allow adapter use 
inside the receiver between the detector output and 
the top of the volume control pot. This latter is the 
best way to use the adapter since it will eliminate the 
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table 1. 

ACSSB Level One transmit adapter parts list. 





t R11 

470 kilohm 

item 

description 

1 R12 

18 kilohm 


capacitors 

t R13 

180 kilohm 

Cl 

1 nF tantalum (TM 1/35)* 

R14-R16 

not used 

C2 

1 //F, tantalum (TM 1/35)* 

R17.R18 

470 kilohm 

t C3 

1000 pF Epoxy Dipped Ceramic (EDC) (272-154)** 

R103 

10 kilohm 

t C4 

1000 pF EDC (272-154)** 

R102 

47 kilohm 

C5 

1 n F, tantalum (TM 1/35)* 

R101 

680 kilohm 

t C6 

1 /iF, tantalum (TM 1/35)* 

R104 

470 kilohm 

C7 

10 [i F, tantalum (TM 1/351* 

R105 

1 kilohm (see note) 

C8 

1 /iF, tantalum (TM 1/35)* 

R106 

1 kilohm (see note) 



R107 

1.5 kilohm 

t C9 

1000 pF EDC (272-154)** 

R108 

3.3 kilohm 

t CIO 

1000 pF EDC (272-154)** 

R109 

4.7 kilohm 

C11 

1 (iF, tantalum (TM 1/35)* 

R110 

1 kilohm potentiometer 

C101 

1 ii F, tantalum (TM 1/35)* 

R111 

150 kilohm 

C102 

22 //F, tantalum (TM 22/6)* 

R112 

470 kilohm 

C103 

0.22 #<F ITM 0.22/35)* 



C104 

1 /iF, tantalum (TM 1/35)* 


switches 

C105 

0.1 /<F(TM 0.1/35)* (272-158)** 

SI.2 

DPDT (275-1546)** 

C106 

10 //F, tantalum (TM 10/25)* 

S3,4 

SPDT (275-625 or 647)** 

CBY 

1 /iF, tantalum (TM 1/35)* 


voltage regulators 


integrated circuits 

U3 

7806 or 78L05 

U1 

MC3403 or equivalent 

U4 

7812 or 78L12 

U2 

NE570 or 571 


miscellaneous 


resistors 

box, lid 

Pomona 2902 

R1 

47 kilohm 

knob 

to fit R2 potentiometer 

R2 

10 kilohm potentiometer 

connectors as required 

R3 

1 kilohm 

standoffs 4-40 threaded x 1 inch (25.4 mm) long 

R4 

not used 

Note: Select for about 3-6 dB loss through adapter in the out position 

t R5.R6 

470 kilohm 

with AG = 0 and drive potentiometer - max. 

t R7 

1 Megohm 

* JAMECO 


R8.R9 

10 kilohm 

** Radio Shack 


R10 

36 kilohm 

t 5 percent tolerance, if possible 


need for an external amplifier and speaker. It will also 
provide less distortion by eliminating any receiver audio 
distortion or hum at the input to the adapter. 

The de-emphasis circuit is provided by two stages. 
The first is a simple 800-Hz low-pass filter, which pro¬ 
vides a good compromise between tonal balance and 
sound quality when the unit is used in the expand 
mode on noncompressed, nonequalized input signals. 
The second filter is a 600-Hz band-pass filter, which 
can also be used for reception of noncompressed sig¬ 
nals. Its tonal quality provides more punch to the 
received audio. When receiving fully compressed and 
equalized signals, both filters restore the original audio 
frequency response. Rolloff of low-pitched and high- 
pitched adjacent channel interference will also result 
to a certain extent. 

Finally, the 1:2 expansion circuit decompresses the 
incoming audio in the opposite way from that in the 
2:1 compressor. That is for each 1 dB of input audio 
change, the expander provides 2 dB of output change. 
Since this occurs on each syllable (at about a 100 ms 


time constant), noise between words will fall to a level 
that is much lower than the actual SNR of the incom¬ 
ing signal (for example, for 10-dB SNR incoming, the 
1:2 expander drops the noise to -20 dB relative to 
peak audio output). 

The expand limiter, fig. 5, biases the expander's 
control port so that signals below a certain input level 
will not be expanded. This action reduces the peaky 
sound caused when the expander is used with non¬ 
compressed transmit signals. The value can be 
selected to suit the user, or a 10-Megohm pot may be 
used in series with a 1-Megohm resistor to provide 
continuous control of expansion in place of a switched 
position. 

Since the audio is de-emphasized before applying 
1:2 expansion, the SNR enhancement is somewhat 
better than 2:1. The audio bandwidth after de¬ 
emphasis is about 1 kHz out of 2.7 kHz of transmitted 
audio so that the SNR enhancement due to bandwidth 
limiting is about 4.3 dB (10 log 10 2.7/1.0). Thus an 
incoming 10-dB SNR signal would be improved to 14.3 
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table 2. ACSSB Level One receive adapter parts list. 


item 

description 



capacitors 


Cl 

1 /iF (TM 1/35)- 


C2 

22 ,<F (TM 22/61' 


C3 

1 fiF (TM 1/35)* 

t 

C4 

4700 pF 10 percent 

(MY 0.0047/100)* 1272-155)” 

t 

C5 

0.1 fiF 10 percent 
(MY 0.1/100)’ (272 1 58)** 


C6 

1 nf (TM 1/35)* 

t 

C7.C8 

0.01 t<F 10 percent 
(MY 0.01/100H272-156)** 


C9,C10,C11 

1 /iF (TM 1/35)* 


C12 

4.7 „F (TM 4.7/35)* 

t 

C13 

C13 1 f iF 5 percent (TM 1/35 OK)* 


CBY 

1 f ,F (TM 1/35)* 


C101 

10 ;rF (TM 1/35)* 


Cl 02 

0.1 m F (MY 0.1/100) 



resistors 


R1 

10 kilohm 


R2.R3 

47 kilohm 


R4 

10 kilohm trim potentiometer 

t 

R5 

36 kilohm 


R6 

(not used) 

t 

R7 

36 kilohm 

t 

R8 

18 kilohm 


R9 

47 kilohm 

t 

R10 

36 kilohm 


R11 R13 

(not used) 


R14.R15 

47 kilohm 


R16.R17 

(not used) 


R18 

3.3 Megohm 


R19 

36 kilohm 


RL 

(load resistor to match source. 

8 ohms or 100 kilohms, typical) 


R100 

1 kilohm (jumper if more 
gain is needed) 


R101 

4.7 kilohm 


R102 

10 kilohm 


Rv 

potentiometer, 

500 ohms (low impedance in) 

100 kilohm (high impedance in) 

(audio taper) 



switches 


SW1-4 

DPDT (275-1546)** 


SW5 

SPDT (275-625 or 647)** 



integrated circuits 


U1 

MC3403 or eqivalent* 


U2 

NE570 or NE571* 



voltage regulators 


U3 

7806 (78L05 OK)* ** 


U4 

7812 (78L12 OKI* ** 

* 

JAMECO 


** 

Radio Shack 


t 

5 percent tolerance, if possible 



dB after de-emphasis, then would be expanded 2:1 
to 28.6 dB effective SNR. 

In reality, however, some of this SNR improvement, 
though measurable with instrumentation (such as a 
VU meter) is lost due to the human ear's frequency 
sensitivity. The Fletcher-Munson curve* shows a 
higher sensitivity to mid-range tones than to those 
above and below roughly 700-1000 Hz. Actual subjec¬ 
tive SNR enhancement falls somewhere between 
10-14.3 dB improvement over our incoming 10-dB 
SNR — a good guess being 22-24 dB equivalent SNR 
after expansion. 

CW filter 

Though not directly intended for CW operation, it 
so happens that our lowpass filter, bandpass filter, and 
expander circuits provide a moderately good CW filter 
system. The combination lowpass filter/bandpass filter 
peaks in the 600-1000 Hz region, and the time cons¬ 
tants of the expander are about right for normal CW 
speeds. The expansion provides selectivity about one- 
half the bandwidth of the bandpass filter/lowpass filter 
alone but does not cause the ringing often associated 
with audio filters. On the other hand, any fading 
present on the signal will be intensified when the 
expander is in operation. 

AGC and fading 

Unfortunately, radio circuits are not telephone cir¬ 
cuits and noise, fading, and interference are frequently 
present. While AGC circuits reduce fading signifi¬ 
cantly, many receivers have AGC overshoot, under¬ 
shoot, and a control range that is only marginally 
acceptable. Any such anomalies in receiver AGC per¬ 
formance will be worsened by a 2:1 ratio when used 
with an expander circuit. Use of the RF gain control 


* Also called equal-loudness contours. A group of sensitivity curves showing 
the characteristics of the human ear for different intensity levels between 
the threshold of hearing and the threshold of feeling. The reference frequency 
is 1000 Hz. 
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and/or fast AGC may be necessary to keep this kind 
of problem under control. 

The Level Two adapter being developed by Project 
OSCAR should lessen these problems to some extent. 
It will also provide a tighter control of AGC perfor¬ 
mance under rapid fading conditions and allow use of 
carrier-operated relay (COR) and squelch circuits as 
well as an extra level of 2:1 companding (making a 
total of 4:1 for the combined system). 

Level Two will also allow use of Gatewayt stations 
with automatic frequency locking by adding phase- 


tGateway stations — sophisticated ground stations that accept several inputs 
and act as an uplink to the satellite. 


locked-loop (PLL) circuits to the receiver (Level Three). 
This would use the pilot tone of Level Two as a known 
frequency reference. Level Three phase locking can 
also be implemented by experienced Amateurs with 
their home equipment, but thorough knowledge of the 
receiver's internal workings and phase-locked-loop 
techniques is probably a prerequisite to implementing 
such circuits. 

construction 

The OSCAR Level One adapter has no audio out¬ 
put stage. This is partially because there was no room 
in the Pomona 2901 box for the audio stage and partly 
because the adapter is really designed to use between 
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using level-one 
adapters 

The effectsof compression and expansion are best 
when used when all parts of the system are com¬ 
pletely stable — that is, same gain and frequency 
response are maintained. 

The compressor circuit is the easiest to understand 
in terms of set-up. It merely needs to be placed on an 
oscilloscope; microphone gain R2 should be adjusted 
so that the output at the top of R110 has the same 
* peak valueasunprocessed audio. Some adjustment 
of the values of R105 and R106 may be required if total 
balance is to be achieved between the various modes 
of the unit. 

This can also be done using the transmitter output 
by adjusting the drive control, R110, for about half 
the normal transmitter output on the RF output meter 
of the transmitter, then adjusting microphone sensi¬ 
tivity, R2, and drive control, R110, until all modes give 
about the same level on the meter. Again, some 
adjustment of R105 and R106 might be required. 

After this is done, boost the drive control for nor¬ 
mal transmitter output. If ALC is used in the trans¬ 
mitter you may be able to boost the output slightly 
more into the ALC. This may provide slightly more 
output when using the 2; 1 compressor since the peak 
value of the audio will be maintained more evenly 
than withoutthe compression (that is, the peak-to- 
average is better). 

You will probably find that the compressor is use¬ 
ful under most conditions to provide more even audio 
toyourtransmitter. On the other hand, 2:1 compres¬ 
sion alone won't be noticed by most people unless 
you have high background noise or room echo. 

The 10-dB equalization will definitely yield more 
"brightness" to your signal, thus increasing clarity 
under weak signal conditions. The 15 dB may be too 
"bright" without some amount of de-emphasis dur¬ 
ing reception, however. Then again, under weak sig¬ 
nal conditions, either position will help improve 
clarity. 

Note that a slight amount of pre-emphasis is pre¬ 
sent at all times. This is not extreme, but high-pitched 
microphones should probably be avoided. Also note 
that the input circuit assumes a 500-ohm or lower 
impedance microphone. Values of the input pre-em¬ 
phasis must be changed (R103,C103, R104) if other 
impedance microphones are used. 

To summarize: adjust R2, R110, R105, and R106 
so that each mode gives your transmitter about equal 
output power. Run slightly into ALC by adjusting 
R1 lOafterthe earlier adjustments. You will probably 
want to run the 2:1 compressor under normal circum¬ 
stances where background noise is no problem. 

Setting up the receive adapter is sometimes more 
critical. First, the gain of the audio power amplifier 


following the unit is undefined (I don't know what 
you plan to use or its drive and gain requirements — 
but I recommend a TA 72051C.) 

This amplifier should be capable of several watts 
of output for best results and be able to give about 
2 watts output with less than 0.25 volt p-p into 10 
kilohms at its input. Most output stages will do this 
(that is, inserting audio into the adapter from the top 
of the potentiometer then reinserting after the poten¬ 
tiometer). Many hi-fi amplifiers require 1 volt or more 
rms or several volts p-p, however. The NE570will not 
provide several volts. A buffer stage must be pro¬ 
vided in these cases (perhaps madefrom the remain¬ 
ing stage of the 3403). 

With the unit in the expand position, the volume 
from your receiver and to your audio ampli¬ 
fier/ speaker should be adjusted to a level somewhere 
below the point at which the expander starts to cause 
distortion. This should be adjusted with a clean sig¬ 
nal using fast AGC (or on a pre-compressed station) 
and with the receiver audio in its normal position. Rv 
can be used to set the gain through the expander to 
your audio stage so that it does not overload. Your 
amplifier's gain can then be adjusted for a desired 
listening volume. ResistorRIOl can then be adjusted 
so that theaudio is at the same level as the expanded 
audio when the expander is switched out. 

Resistor R4, by the way, should be adjusted so that 
R v can provide up to 10 d B gain at full volume or can 
reduce signals to levels well below the input level. 
Resistor R4 could even be replaced with a 4.7 kilohm 
resistor. 

When all is adjusted properly, signals coming 
through the adapter will be roughly the same peak 
level with or without de-emphasis and/or expansion. 
However, expansion using the 600-Hz bandpass fil¬ 
ter only may be slightly higher in volume than with 
the 800-Hz lowpass filter. Furthermore, when both 
filters are used on an unprocessed incoming signal, 
the volume may seem lower due to suppression of 
high and low frequencies. Some back-and-forth ad¬ 
justments between Rv and your amplifier's volume 
may be required before you find the right combina¬ 
tion for your system. Adjustment of the value of R101 
may be needed also. 

To summarize, the level to the NE570 must be set 
so it does not distort. The value of R101 may then be 
set to balance the in-out levels. The600-Hz bandpass 
filter may show slight volume increase when used 
with the expander. The 800-Hz lowpass filter pro¬ 
vides the best "punch" and should be used in circum¬ 
stances when this is useful. Expand only should be 
used with fast AGC if the station received has no clip¬ 
ping and/or compression. The full system should 
yield significant SNR enhancementat 10-dB SNR or 
higher levels. Adjacent channel and high- or low- 
pitched carriers and interference should also be 
reduced due to both filtering and expansion. 
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the receiver's volume control and the receiver's audio 
stage. This provides the best overall performance and 
is recommended. 

The Radio Shack TA-7205 audio output 1C is a good 
choice for a 3 to 5 watt output stage. It is readily avail¬ 
able and comes with a schematic diagram. It can be 
built into a third Pomona Box or on a heat sink 
mounted in the external speaker box. I do not recom¬ 
mend such old standby ICs as the LM380, which does 
not have enough "headroom." Certain 2 watts per 


channel hi-fi parts with built-in heatsinks can be 
paralleled with good results, however. 

Parts placement diagrams for the receive and trans¬ 
mit adapters are provided in figs. 6 and 7, respective¬ 
ly.** No special construction procedures are required 
heyond good RF shielding and grounding. When used 
with OSCAR stations, for example, it isn't acceptable 

**An information sheet including prices on adapter PC boards is available 
from ham radio, Greenville, New Hampshire 03048. Please enclose SASE 
with your request. 
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to have audio rectification in the audio amplifier com¬ 
ing from your uplink transmitter! This is one reason we 
chose the Pomona 2901 box. This box, once the paint 
is scraped off around the internal lip and screw mount¬ 
ing posts, provides excellent shielding. Furthermore, 
it is easy to drill and looks very nice when the project 
is completed. 

Radio Shack also sells several nice boxes for those 
who desire to put both transmitter and receiver adap¬ 
ters into one box. Be sure to use a few more screws 
than you normally would and scrape off a little paint 
here and there to ensure good RF shielding. Also 
remember that looping to both transmitter and receiver 
circuits from a common external box can create 
ground-loop problems. 
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the Zia connection: 

a multi-state 2-meter repeater link 


Regional VHF/UHF system 
covers 100,000 square miles 
in three southwestern 
states — and Mexico 

"K7DLN. this is WB5AOX in Artesia. Has that 
storm reached Phoenix yet?"... not an unusual ham 
transmission — except that WB5AOX is sitting in his 
kitchen, talking to a mobile station 500 miles away on a 
2-meter HT. This kind of conversation has come to be 
perfectly routine in the area of the southwestern Unit¬ 
ed States covered by the Zia Connection, a VHF/UHF 
communications super-system that takes its name from 
the ancient sun symbol of the Zuni Indians. 

Zia links eleven 2-meter repeaters in what amounts to 
one 2-meter repeater with tremendous coverage. The 
dotted line in fig. 1, illustrating the area covered, 
represents the approximate limit of the system for an 
average mobile station running 10 to 25 watts with a 5/8 
wavelength antenna. If the range available to fixed sta¬ 
tions with large antennas or remote bases were includ¬ 
ed, the area covered would be even larger; as is, about 
100,000 square miles are accessible to mobile stations 
within the system. About 1300 miles of six separate in¬ 
terstate highways are covered. Six hundred-mile QSOs 
between handheld stations are routine. 

The major repeater sites include T ucson (population: 
350,000); Phoenix (800,000); Albuquerque (350,000); El 
Paso (450,000); and Ciudad Juarez, Mexico (600,000). 
Given these numbers — and the natureofthegeographi¬ 
cal area covered — opportunities for publicservice (con¬ 
ducting weather watch and swap nets, reporting high¬ 
way accidents, providing travel directions and locating 
travelers) abound. Hams are never out of touch in this 
vast area, even if they're miles from the nearest tele¬ 
phone ... and much of the area /is miles from the nearest 
telephone! In October, 1983, when flash floods wiped 
out telephone service to communities throughout the 
center of the region for several days, Zia provided 


trouble-free communication for the Red Cross and 
National Guard until services were restored. 

Obviously Zia didn't spring into existence without 
precedent or without a lot of work by many hams. The 
western United States has long been noted for long- 
range repeaters situated on high mountain tops. Partly 
because the population density is low, there's been a 
drive toward even greater coverage. During the 1960s, 
shortly after 2-meter FM repeaters were first introduced 
to the region, there wasa time when the major New Mex¬ 
ico repeaters were linked together. Thefirst regular link 
between New Mexico and Arizona was established in 
1977 between the 16-76 repeater of the Mesilla Valley 
Amateur Radio Club and the 31-91 repeater of the East¬ 
ern Arizona Amateur Radio Society. This was a part- 
time, tone-controlled link between well-established 
repeaters. Because the sponsors often differed as to 
how the link should be operated, however, itwaseven- 
tually discontinued. 

TheZia Connection actsjust like a single wide-range 
repeater. The links are completely transparent to users 
and the whole system is open 24 hours a day to all who 
wish to use it, without any controlling necessary. The 
only time portions of the system aren't available is when 
technical difficulties or emergencies occur. There are no 
multiple squelch tails and no lost words at the beginning 
of a transmission. If one of the linked repeaters is timed 
out by a long-winded user, only that repeater — not the 
whole system — is shut down. 

Each 2-meter repeater is similar to each of the others. 
All have CW identifiers and the same time-out timers, 
courtesy beeps, and controlled audio levels. The equip¬ 
ment must be highly reliable, available 24 hours a day, 
and able to withstand a high duty cycle. All stations are 
well designed, with such refinements as notch filters in 
the audio lines of the link receivers to remove the CW 
identification of the links, which are on 420 MHz. 

Figure 2 shows the block diagram of a typical re¬ 
peater node. The main component is the2-meter repeat¬ 
er shown at the top. There is provision for up to three 

By Alex F. Burr, K5XY, 2025 O'Donnell, Las 
Cruces, New Mexico 88001 
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UNDER CONSTRUCTION ■ 
REMOTE RASE INPUT - 


fig. 1. Mobile coverage range of the Zia Connection. 










Photo A. The equipment rack at the Caballo Mountain, New 
Mexico location of the Zia Connection. Four converted 
commercial transceivers for the UHF links can be easily 
spotted on the two edges of the rack. The four printed 
circuit boards which make the essential transceiver and 
repeater interconnections are located in the middle. 


UHFchannelstoactas control links. Two additional link 
ports are available with the addition of one more link 
board. 

All three subsystems use typical Amateur equipment. 
The main antenna is a commercial grade 2 meter anten¬ 
na; the UHF link antennas are home-brewed. The du¬ 
plexes are standard, as are the various receivers and 
transmitters, which are mostly retuned commercial rigs. 
The links are full duplex, so there’s only minimal delay 
in switching them. 

The equipment used by the Caballo Mountain 144.81 - 
145.41 repealer in central New Mexico, typical of what's 
available at each node, is a combination of commercial, 
modified commercial, and ham-built equipment. Four 
surplus Motorola MoTran 406-420 MHz transceivers 
used for the UHF links (Photo A) underwent minor 
modifications to insert audio level controls, bypass in¬ 
ternal audio amplifiers, speed up the squelch action, and 
provide full duplex capability. The original 12-VDC pow¬ 
er supplies have been replaced with external 24-voll 


Photo B. Waterproof boxes near the base of the Zia 
Connection tower at Benson Ridge. New Mexico houseall 
equipment. 

power supplies. A General Electric MasterPro, modified 
in a manner similar to the UHF transceivers, is used 
for the 2-meter repeater. The 2-meter duplexer is a 
WACOM; the UH F duplexersare Phelps Dodge mobile 
duplexers. 

The 2-meter feedline is Heliax and the UHF feedline 
uses RG213 coax. The antennas are mounted on a TV 
translator tower; the 2-meter antenna is a Phelps Dodge 
340 and the UHF directional antennas - either 6- or 14- 
element verticals, depending on path requirements 
are home-brewed models patterned after KLM designs. 
Photos B and C show another typical Zia installation at 
Benson Ridge, New Mexico. 

Of course the key to the whole operation is the rather 
uncomplicated control system (fig. 31. With the empha¬ 
sis on audio quality and fast keying response, it's 
designed to have a dropout time (timeof response to loss 
of carrier on the 2-meter receiver) from one end of the 
system to the other of about 200 ms. The pickup time 
(time of response to the presence of a signal on one of 
the receivers) is about 300 ms for the complete system. 

The control system consists of four main parts, three 
of which are quite conventional. Baser! on an EPROM. 
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fig. 3. Block diagram of control and interface for Zia connection linked repeaters (single sitel. 


the identification board (I.D.) on the right-hand side of 
the block diagram shown in fig. 3 provides the required 
CW identification signal with speed, level, and tone con¬ 
trols. Its only unusual feature is the maximum of eight 
identification lines from which to select. 

The control board on the left accepts audio from the 
UHF control receiver to a 16-digit DTMF decoder with 
eight latched output lines. Six of these linesare reserved 
for specific functions: the first turns the repeater on or 
off, the second connects the repeater to the link or lets 
it operate asan isolated repeater, the next three turn the 
three link systems on or off, and the sixth turns the 
repeater carrier delay on or off. The remaining two lines 
are for any other link equipment that might be added. All 
controls are independent of the others. The input to a 
particular board is accessed via U H F by the control sta¬ 
tions for this particular part of the system. 

The carrier operated relay (COR) board, also quite 
conventional, allows for setting audio levels, time-out 
protection, carrier delay timing, push-to-talk, and the 
courtesy beep for the repeater. The only unusual fea- 
turesare the audio and keying information input from the 
links, a similar output, and a mixing circuit to include the 
audio from the 2-meter receiver with the audio from the 
links. 

The link board, the least conventional part of the sys¬ 
tem, has to process and mix the audio to and from as 
many as three links and the2-meter repeater. It also has 
to provide and respond to the appropriate keying infor- 



Photo C. View from the top the Zia Connection tower at 
Benson Ridge, New Mexico. The photograph was taken 
during construction. 


mation and accept the eight output lines from the con¬ 
trol board. 

It should be obvious that no single piece of the sys¬ 
tem's hardware is particularly sophisticated; instead, the 
Zia Connection is more of a triumph of organization and 
cooperation, of hard work and commitment, than of 
technology. Of the several factors in its successful oper¬ 
ation, the most important is the dedicated leadership of 
Milt Jensen, N5IA, who started the network with three 
linked repeaters in August, 1982. Milt is the first to ad- 
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Photo D. The 135-foot tower used by the Zia Connection at 
Jack's Peak. New Mexico. The tower supports 11 antennas 
used by the 2-rneter and UHF equipment. It took 12 people 
two and a half days to prepare the base, erect the tower, 
and mount the antennas. 


mit that he hasn't done it alone, but has relied on the help 
of many others who’ve designed and built components, 
set up repeaters, made repairs, and performed regular 
maintenance. Site acquisition and frequency coordina¬ 
tion have been no small jobs, either. But it was N5IA who 
decided to establish the Zia Connection, set the first 
parts in place and got them working, and continues to 
plan, guide, and help with expansion. 

Because previous experience with repeater linking 
showed that it's difficult for established groups to agree 
on a single plan, N5IA decided to start afresh, without 
benefit of existing repeaters or radio clubs. Only indivi¬ 
duals who would wholeheartedly support the basic con¬ 
cept were recruited. Table 1 lists repeater sites and 
equipment owners; fortunately, at about the time this 
operation was begun, thenumberof repeater channels 
was increased so that new repeaters could be installed 
with little or no inconvenience to users of existing 
repeaters. 

Milt received signficant assistance from Joe Mon- 
tierth, WA7ZNY, who designed the control and inter 







Table 1. Zia connection nodes. 


Site 

Altitude (feet) 

Equipment Owner 

Mt. Lemmon 

9157 

John Vanza, AK7Z 

Porter Mountain 

7857 

Kachina Radio Club 

White Tanks 

4010 

Ken Simpson, WB7DRD 

Jack's Peak 

8000 

Milt Jensen, N5IA 

Caballo Mtn. 

7560 

Milt Jensen, N5IA 

Benson Ridge 

9686 

Milt Jensen, N5IA 

Sandia Peak 

10,678 

Milt Jensen, N5IA 

Comanche Peak 

5220 

Rick Fultz, KC5EJ 

Guthrie Peak 

6573 

Eastern Arizona Amateur 
Radio Society 

Maljamar 

4250 

Bob Perkins, KU5J 

Pinel Peak 

7848 

George Lewis, WA7SBZ, Ft 
Joe Montierth, WA7ZNY 


face circuits arid performed many of the equipment 
modifications. Rick Fultz, KC5EJ, provided the control 
and interface circuit board layouts, and Norm Smith, 
K7DLN, built the link antennas. 

An example of the kind of cooperation common to Zia 
activities was the Jack's Peak antenna-raising party, co¬ 
ordinated by N5IA, which was necessitated by a severe 
ice storm that coated guy wires with 5 inches (i.e., 4 
tons) of ice and brought the tower down (see Photo D). 
The operation involved building a concrete base (with 
3 cubic yards of concrete mixed in a 1/3-sack mixer), 
raising a 135-foot tower, and setting eleven antennas 
and feedlines in two and a half days. All this was done 
on top of an 8000-foot mountain 150 miles from the 
nearest large city. Twelve people — including two from 
El Paso (200 miles away), two from Tucson (200 miles 
away), and two from Los Angeles (800 miles away) — 
were recruited for this project. The group even includ¬ 
ed a video tape camera operator who shot many minutes 
of tape showing the tower being slowly inched into po¬ 
sition. 

Several factors over which nobody has any control 
contribute tothe success theZia Connection. One is the 
low population density of the area. There are enough 
hams to ensure that somebody is likely to be listening, 


and therefore able to respond to a request for emergency 
aid, but not so many that the channel isalways busy. The 
present duty cycle is a comforta ble 65 percent. Another 
factor is the apparent dearth of "squirrels" (or "nuts," 
if you prefer) among the ham population of the region. 
The network hasn't been significantly bothered by un¬ 
stable operators and everybody gets along without the 
need for formal rules or control operator intervention. 
No area of the system has preference over any other 
area; in all aspects, the system operatesasif it were just 
one large, friendly repeater. 

Of course the availability of mountain-top repeater 
sites helps, although remote mountain sites do have 
their disadvantages. But N5IA is quick to point out that 
the system can be duplicated, and even improved upon, 
anywhere that people have the desire to do so. A greater 
number of links, for example, couldcompensateforan 
insufficient supply of barely-accessible mountain-top 
sites. 

The separate units in the network belong to individual 
owners and two small clubs, who are responsible for 
all aspects of their repeaters and the associated links. 
Owners or owner-recruited volunteers such as Martin 
Raue, WB5LJO, Jim Devenport, WB5AOX, and John 
Braden, K7LKL, areresponsibleformaintenence. N5IA 
owns four of the eleven repeaters; others own the rest. 
Financing has been mostly by individuals, with some 
donations for maintenanceand operation. Thereare no 
dues, and no soliciting; donations are made for the pur¬ 
pose of contributing.toa good cause, ratherthan, forex- 
ample, expecting x hours of operating time. 

Even after the network was established and running, 
lots of effort had to be — and still must be — expended 
to keep it going. Time is the biggest problem; N5IA often 
feels that he has to be in several places at once. When 
you have to drive 150 miles (one way) to repair a repeat¬ 
er, it's bound to cut into your free time. Storms, with 
their antenna icing or lightning-induced failures, present 
the greatest challenge. 

As it is, the region is fortunate to have a group of 
Amateurs who find pleasure in providing a remarkable 
service to a large number of hams. 
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TECHNIQUES 


the grounded grid 
amplifier: part 2 

In my last column I discussed the 
grounded grid (cathode driven) ampli¬ 
fier with respect to neutralization, RF 
feedback, flashover, and operating fila¬ 
ment voltage. This column continues 
the discussion with respect to other fea¬ 
tures of this interesting circuit. 

metering circuit 

Correct operation of the grounded 
grid amplifier is determined by observ¬ 
ing the grid and plate currents of the 
tube. Ideally, two meters are required; 
these should be placed in the circuit 
where they measure the wanted cur¬ 
rents and no others, and where the 
meters are at (or near) ground potential 
so they present no high voltage hazard 
to the operator. Placing a meter in the 13- 
plus lead, for example, is risky business 
unless the meter is specifically designed 
for operation at high potential above 
ground. Most meters are not designed 
for this type of operation. 

Figure 1 shows one solution to the 
metering problem. Since all tube cur¬ 
rents flow in the cathode (filament) cir¬ 
cuit, one terminal of each meter is com¬ 
mon to this circuit at point A. Note that 
chassis ground is taken as the grid of the 
tube, pointB. In terms of DC, pointAis 
therefore "above ground" by the vol¬ 
tage drop across the grid meter. Ml. 
And since the plate current meter, M2, 
is in the negative lead of the high voltage 
supply, the negative terminal of this 
supply is "above ground" by the voltage 
drop across meters Ml and M2. 

The difference in potential between 
the negative of the plate supply, point A, 
and chassis ground, B, is only a few 


tenths of a volt, but it's sufficient to al¬ 
low metering to take place. Plate current 
flows from the filament (cathode) at 
point A, through the plate meter and 
plate supply to the anode of the tube. 
Grid current flows from point A, 
through the grid meter to the grid of the 
tube, which also happens to be point B, 
or chassis ground. 

Although this circuit works, it isn't 
safe. Assume there is a DC arc to 
ground in the plate circuit. A typical arc 
in air has a resistance of about 12ohms. 
This means that the whole energy in the 
power supply is "dumped" into the arc 
(fig. 2). Most Amateur transmitters 
have a high capacitance filter arrange¬ 
ment that stores many joules of energy. 
The arc current can be several hundred 
amperes for a fraction of a second. Dur¬ 
ing the arc, the plate side of the supply 
is effectively at ground potential. This 
means that the negative side of the sup¬ 
ply is now above ground by a large frac¬ 
tion of the supply voltage. At the same 
time, the high arc current flows through 
the plate and grid meters. ZAP! The 

r--- 


meters literally disintegrate and the 
negative terminal of the supply is now 
above ground by the amount of the 
plate potential. This is a truly deadly sit¬ 
uation that could kill you if you were in 
contact with the equipment negative 
and chassis ground at the same time. 

The same can occur if the plate meter 
is overloaded and opens up. Again, the 
DC retu rn to the power supply is opened 
and the negative terminal floats above 
ground at a dangerous potential. 

The whole point is that dangerous 
conditions can exist when meters are 
simply placed in the negative return 
leads of a power supply without the in¬ 
clusion of protective measures. 

The circuit designer can protect the 
user from this lethal situation by never 
allowing the negative terminal of the 
power supply to leave near-ground 
potential. Thiscan beaccomplished by 
placing a low-value resistor, R, from the 
negative of the supply to chassis 
ground. The value of the resistor must 
be high enough so that it doesn't alter 
the accuracy of the meter readings to 



fig. 1. Grid and plate meters are placed in low-potential leads to protect the operator. Circuit 
creates as many problems as it solves. 
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any degree. Usually several hundred 
ohms will do the job. The resistor can be 
placed from negative to ground direct¬ 
ly, or it can be split in two, with separate 
resistors placed across each meter. I 
prefer to use a single resistor to ground, 
as shown in fig. 3. 

How big (physically) should the resis¬ 
tor be? That depends upon the energy 
storage capability of the power supply. 
Hams who blithely use hundreds of 
microfarads of filter capacitance in their 
supply (in the mistaken idea that it's re¬ 
quired, and will make their signal "loud¬ 
er" in some magical way) are asking for 
trouble in case of a DC arc in the system. 
In most cases, not more than 20 /iF is 
required, and sometimes less than that. 
Even so, it takes a large-wattage resis¬ 
tor to stand the gaff during a DC short 
situation. A small-wattage resistor will 
explode with a flash that sounds like a 
cannon going off in the room. I use a 
200-ohm, 50-watt resistor in my supply; 
so far it has withstood a bad flashover in 
the DC portion of my plate circuit with 
no apparent damage. 

protecting the meters 

If there's a short or DC arc in the pow¬ 
er circuit, the meter will pass the current 
until a fuse blows or the meter burns 
open. A meter fuse could be used — but 


if it were to blow, the circuit would be 
opened. The meter might be saved, but 
the circuit could float above ground and 
pose a hazard to the operator or perhaps 
to other components. 

A good solution is to place reverse- 
connected diodes across the meters. 
Ordinary silicon diodes of the type used 
in power supplies have a 0.7-volt drop 
across them that's sufficient to allow 
the meter to function properly. Type 
1N2071 or 1N4005 diodes will do the job. 
Even if the short current damages the di¬ 
ode, it commonly fails in a short circuit 
mode, protecting the rest of the circuit. 
Figure 4 shows the protective system 
across representative meters. 

vacuum-arc protector 

It's possible for any power tube oper¬ 
ating at a moderately high plate poten¬ 
tial to experience a vacuum arc. This is 
known as the "Rocky Point" effect, 
named after the RCA transmitting site 
where the phenomenon was first no¬ 
ticed in the 1930s. The vacuum flash- 
over may be brought about by a small 
number of gas ions in the tube, or even 
by bombardment of the tube by cosmic 
ray particles from outer space! If the 
transmitter is power supply-limited, the 
quick discharge has no damaging con¬ 
sequences. However, most ham trans¬ 
mitters have a high capacitance filter in 
the power supply whose energy is in¬ 
stantaneously discharged into a flash- 


over. Extremely high currents can flow 
in a fraction of a second, damaging the 
tube or associated circuit components. 

It's easy to protect the tube and equip¬ 
ment by placing a protective resistor, 
R1, in the B-plus lead to the tube (fig. 4). 
The vacuum arc is sensitive to voltage 
and the voltage drop across the resistor 
during an arc is enough to extinguish the 
arc. In most instances, the operator will 
be unaware of an arc taking place, since 
the whole action takes place in less than 
a millisecond. 

complete protective circuit 

The metering and protective circuit, 
with all components included, is shown 
in fig, 4. The additional components are 
inexpensive and can save plenty of more 
valuable components from biting the 
dust when trouble occurs in the am¬ 
plifier. 

filament voltmeter 

All power tubes have a filament vol¬ 
tage tolerance specified by the manu¬ 
facturer. In many cases it's ± 5 percent 
of the nominal value. For a tube with a 
5-volt filament, the limits, therefore, are 
4.75 and 5.25 volts. 

The primary power circuit in the Unit¬ 
ed States is standardized on 117 volts, 
±5 volts. That's about ±4 percent. 
Variations in primary line voltage can 
thus "eat up" the filament voltage toler¬ 
ance of the power tube. 


HV BLEEDER 
RESISTOR 



fig. 3. Resistor from negative of power supply to ground provides operator protection from 
DC fault in high voltage circuit. 
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Our , 
guaranteed 

savings plan* 



Fluke70 Series Analog/Digital multi¬ 
meters are like money in the bank. Buy 

one. and you're guaranteed to save both lime 
and money 

Money, because you get longer battery life 
and longer warranty Coverage — 3 years vs. 

1 year or less on others. 

And lime, because 70 Series meters are 
easier lo operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 
si icker price. And take a closer look at the new 
low-priced $79 Fluke 73, the $99 Fluke 75, and 
the deluxe $139 Fluke 77, In Ihe long run, they'll 
cosl less, and give higher performance, too. 

And lhal, you can bank on. 

For a tree brochure, and your nearest distrib¬ 
utor. call toll-free 1-800-227-3800, ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 
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fig. 4. Complete meter protection plus vacuum arc protection (RI). 


Many prudent Amateurs run the fila¬ 
ments of their power tubes from a sep¬ 
arate filament transformer set to the 
correct voltage by means of a variable 
voltage transformer ("Variac" or "Pow- 
erstat" are two trade names for such a 
device.) The filament voltage is set “on 
the nose" by meansof a filament volt¬ 
meter. Or is it? 

Primary voltage in most of the United 
States is affected by industrial loads that 
can alter the waveform from the classic 
sine wave. The primary line is full of har¬ 
monics, spikes, and other unpleasant 
surgesanddips. This makes an easy job 
difficult because inexpensive volt- 
ohmmetersand other instruments that 
employ a rectifier and DC meter to 
measure AC voltage simply lose their 
accuracy when confronted with a dis¬ 
torted waveform. 

An accurate method of measuring 
filament voltage is to use an "RMS 
responding" AC meter. The old Weston 
Model 301 AC instruments often found 
at flea markets aie of this type. Beware 
of a meter bearing a label that says 
"rectifier-type instrument." It won't do 
the job as well. 

When you find an RMS-responding 
AC meter, take it to an instrument 
laboratory, if there's one nearby, or 
perhaps a local college. Ask their stan¬ 
dards lab to calibrate your meter for you. 


This is a cheap and easy way to obtain 
a 1 percent meter for a few dollars and 
just a little effort. You can then use the 
meter to monitor your filament voltage 
or your line voltage. 

I picked up a nifty 0-150-volt Weston 
laboratory-type meter with a mirror- 
scale for a few dollars at a local swap 
meet. A local standards lab checked the 
meter out, and now I havea "standard" 
meter, good to 1-percent accuracy. I 
leave it permanently connected across 
the primary line to observe the daily fluc¬ 
tuations of line voltage. In my case, the 
voltage varies with the time of day, 
ranging from 118 to 124 volts! Since it's 
always above 117 volts, I havea multi¬ 
tap filament transformer connected as 
an autotransformer. I usually set the vol¬ 
tage to my transmitter at 115 volts, 
slightly under normal, in the hope that 
everything will run cooler and with less 
stress than if I operated it directly off the 
line. The voltmeter is a top the operating 
table and the tapped transformer is sus¬ 
pended under the tabletop, to the right 
of my equipment. 

After these alterations, I might not be 
any louder on the air, but I am a lot safer 
and my equipment is protected from 
misfortune, which often occurs at just 
the wrong moment. 

ham radio 
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get on SSTV — with the C-64 


Software approach/ 
uses BASIC and/ 
machine language routines 

Although the Commodore 64 computer has proved 
to be a popular addition to many hamshacks, its full 
potential hasn't always been realized. The Commodore 
has excellent graphics capabilities that are easily acces¬ 
sible to a knowledgeable programmer — and these capa¬ 
bilities are directly applicable to slow-scan television. 

Several years ago, Edwin Cox designed and published 
an SSTV send and receive program for the VIC-20, later 
upgrading it for the C-64. 1 2 3 Others have written pro¬ 
grams to allow weather facsimile to be displayed using 
the Commodore machines. 4 Numerous articles and 
books have explored what can be done with the versa¬ 
tile Commodore machines 6 ; the possibilities described 
in the Amateur literature go far beyond applications 
available commercially. 

While the earlier programs required additional hard¬ 
ware in order to use the Commodore for visual reception, 
the programs described in this article make full use of the 
hardware already contained in the C-64. The only inter¬ 
face necessary is protection of the sensitive ICs from the 
fluctuations of the outside world. 

What follows is the brainchild of two Italian computer 
and radio enthusiasts. Once you've typed in the pro¬ 
grams, you'll be ready to send and receive black and 
white SSTV pictures with very little additional work. — 
Jim Grubbs, K9EI. 

slow-scan basics 

Before we program the computer for transmission 
and reception, let's briefly review the basics of SSTV. 
SSTV is transmitted as a continuous series of tones us¬ 
ing normal voice bandwidth channels. While most 
SSTV activity occurs on HF using standard SSB tech¬ 
niques, it's equally well-suited to FM modulation on 
UH F/VHF or even transmission over standard grade tel¬ 
ephone lines. 

First the image to be transmitted is scanned. For a 


standard black and white picture, it takes about 8 se¬ 
conds to scan and send a single frame of video. In order 
to know when a new scanning line begins and when a 
new picture frame begins, certain tones are reserved to 
indicate syncronization signals. A 1200-Hz tone 
represents a sync pulse. A horizontal sync pulse consists 
of a 1200-Hz tone for a period of 5 milliseconds. A longer 
1200-Hz tone for 30 milliseconds represents a vertical 
sync signal. 

In order to distinguish between black and white por¬ 
tions of the picture, the tones between 1500 and 2300 
Hz are used to specify everything from pure black to pure 
white — including all the shades of gray in between. 

making the computer speak SSTV 

In order for the computer to interpret an SSTV signal 
accurately, it has to know exactly what frequency is 
present during each sampling period. By connecting the 
audiotothe user port, (see fig. 1) of the Commodore 64, 
we can count the number of zero crossings present and 
determine the frequency of the incoming signals. We 
use pin "B" on the user port, which is available as a 
general-purpose interrupt input on the 6526 complex in¬ 
terface adapter chip. 

The sampling of the input frequency must be done 
continuously using a very short time interval in order to 
reproduce a slow-scan picture accurately. This is 
achieved by rewriting the Non-Maskable Interrupt (NMI) 
routine that's resident in the C-64. By modifying the 
pointers to the NMI routine, we can substitute a program 
designed to suit our needs for SSTV. The pointers are 
located at hex locations $0318 and $0319. 

taking a break 

The central processing unit in the C-64 is kept very 
busy; all the pretty graphics and sounds available take 
their toll on processor time. For the purpose of SSTV 
reception, this can present a problem if we don't focus 
the attention of the CPU on our assigned task. Normal- 

By Giuseppe Cameroni, I2CAB, and Giancarla 
Morellato, I2AED, Via Damiano Chiesa26, Vige- 
vano 27029, Italy. T ranslation and additional text by 
Jim Grubbs, K9EI. 
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The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Callbook lists the calls, 
names, and address Inlormatlon for licensed 
amateurs In all countries Irom Canada to 
Panama Including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S. possessions. 

The International Callbook lists the 
amateurs In countries outside North 
America. Coverage Includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement is a new idea 
in Callbook updates; it lists the activity in 
both the North American and International 
Callbooks. Published June 1, 1987, this 
Supplement will include all ihe new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


DNorth American Callbook 
tncl. shipping within USA $28.00 

Incl. shipping to foreign countries 00.60 

rj International Callbook 
Incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.60 

p Callbook Supplement, published June 1st 
incl. shipping within USA $13.00 

incl. Shipping to foreign countries 14.00 

SPECIAL OFFER ! 

O Both N.A. & International Callbooks 
incl. shipping within USA $53.00 

incl. shipping to foreign countries 63.00 


Illinois residents please add 6Va% tax. 
All payments must be In U.S. funds. 

RADIO AMATEUR 111 I 

callbook inc 

D,:pt - F 

925 Sherwood Dr., Box 24 7 
Lake Bluff, IL 60044, USA 


Tel: (312) 234-6600 


Table 1. SSTV reception program listing. 


1000 rent 

1010 rum direct reception of G&tv 
m?f1 rum pietijr*?e wilt CDmiwidorn li4 

1030 ron written by: 

10*10 rum a i.incur l« morel Into iSiied 
10GG rent mldreiatt: vio tJ. chinun 2b 
1050 rum 27039 vlrjevi.no 

1070 rum ifc«|y 

1000 rum 

1230 print chr$t147) 

1270 rum diitA lunclinq 
1280 ! 

1290 for i = 32758 tti 332B5:ruart .»:poke* i,<i;nu*t 
1300 pako 53260,0; poke. 53281.0 
1310 print chr!T.(147) 

1320 print"sotv reception .ictivi*" 

1330 for iM to 5000: next 
1340 r.yn 32708 
1350 : 

13G0 doti. 120.100.000,132.150.169,036.133,159.169 
1370 dab. U00,145.158,200,208,251,23U.159,166.159 
1300 data 224, 120. 144,243. 160,QUO, 132, ISO, 163,004 
1390 datn 133,159,169,102,146,ISO,200,200.251.230 
14U0 data 159. 166, 159.224,000 , 144,243 , 160 , CJOG . 1 32 
1410 rt.it n 158,169,216, 133, 159, 169,001,145, lliti,200 
1420 clfito 200,251,230, 159, 166, 159,224,220, 144,243 
1430 dnti. 000.160,000,138.150,169.096,133,169,141 
1440 drttu 033,200,169,080,133,159,160,108,146,158 
1450 dutn 200,208,851,230,159,166,169,224,095*144 
14GO date 243,169.841,141,134,002,173,000,821.073 
14 70 riot.. O01,141,000,281,173,017,208,073,032. 141 
1400 due?. 017,800,173,028,808,073,016,141,022.208 
1490 clutn 169,072, 141.024.200. 169,036, 141.024,003 
1500 data 169, 129.14 1.085.003, 169,127,141,013.221 
1510 169, 101,133, 159, 169,080. 133. 150. 1ia9. 152 

1520 Until 141,016.881,141,006,221,169,003, 141,007 
1530 dtu.i 221,169. 000. 133, 003, 160, 145. 156, 169,855 
1S4Q d.tt« 141,004.821,141.005,221,173,013,821,16‘J 
1550 Join 153,141,014,881.1B9,147.141,013.221,008 
1560 rtr.tr. 032,228.85S. 240.251.80 1 , 13b. 200. U11 . 173 
1570 rtiJtn U1 7,208,073,016, 141 .017,200,076. 199, 180 
1500 cl.it,. 072, 173,00(3,221.073, UU1 , 141.000,221,1 73 
1550 d.i«fl 017,800.073,038. 141,017,800, 173,022,208 
1600 uutn 073.016.141,088.800,169,021.141,024,208 
1G10 anti' 169,001.141,134,UU2. 169,071,141,024,U03 
1G2D dan 169.864.141,OSS.003.160.142,038,810,8G& 
1630 data 173,01 7,808.009,016, 141 .til 7,2QH, 1G5.U65 
1 ti40 rtf; t ■*, U38,210,855, Ottfi ,104,104 . 104,104.834,834 
1GSO or. fc 3 120,096,072 , 138.072. 152,0 78 . 178. U13. 821 
16G0 data 165,187,141,013,281,106.284,064,176,006 
1670 data 162,250,154,076.170.180,152.041,125,201 
1600 data 129,240,243, 158,04 1 , 145,80 1 , 144 , «‘U0.039 
1690 dot** 1C2.0U0, 142,015,821,173.007,881.133,077 
1700 data 173,006,881.070,077.10b.070.077.106,174 
1710 d.itn 005,281,134.077, 102,025. 148.U15.821,162 
1720 003,821,84b. 129, 17b,013.208.01b.240.230 

1730 rtiit.1 003, 1B9,0£5. 141,014,221,0715,235, 12S, 169 
1740 data D77,073.255,074.133.077.074,084,101.0/7 
1750 dut» 134,077,072,041,840.IBS,104,10b.U41,003 
176U data 073.003,170.155,077,084,2D8,040,U04,OlO 
1770 cJi.tr* OIU, 144,840,078. 1GG.0U3,824,016. 176.035 
1760 data 284.004,144.040.230.150,200,004,830.159 
1790 dut.* 040,1)23, 165. 150.041 .UU7.2O0.O85, 1G5.156 
1000 data 024,105,056,133,160,165,159,105,001,133 
1010 data 1551.201 , 126, 144,000, 162,101.134,159, 162 

1020 tin t,» 000 , 134, 150,169, UUU , 132,077. 160. 145. 150 

1030 data 164.077 , 104 , 192 , ie4 , 1 7b , U04,01 7 , 151), 145 

104U dr.t.i 150. 152, 1U5. UUW, 160. 169.000. 133.003. 145 

1050 dtitr 150, 16'J. 147, Ml .013.881.104. 160, 104,170 
1060 data 104.064,052.005,106.123,000,075,100.105 
1070 doto 105.095.070.065.073.074,061.032 
ready. 
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The user port connectoris available from Dig! Key, P.O. Box 677, Thiel River Falls, 
New Mexico 56 701-9988 


fig. 1. C-64 user port 


ly the C-64 stops everything it's doing and takes time out 
to update the graphics screen. If these video interrupts 
are left intact, our program will work, but there will be 
“holes" in the picture where the CPU goes and does 
other things. 

By making a small compromise in operating con¬ 
venience, this problem is easy to overcome. The SSTV 
receive program has been written so that by pressing the 
F7 function key, the video interrupts normally processed 
by the CPU are suspended until the F7 key is pressed 
again. This results in the screen being blanked during 
reception of a picture, but ensures that no data is lost 
(during the reception. (The Cox SSTV program suffered 
from the same problem and used a similar solution). 

Because no external processing is being done, it's 
necessary to keep the audio gain of the receiver fairly 
high in order to saturate or clip the signal. The computer 
doesn't understand much other than square waves. 

Two interfaces are presented here (see f igs. 2and 3!. 
The first is definitely intended for those in a hurry, but 
it works! Just about any NPN transistor will do; its pri¬ 
mary purpose is to protect the 6526 chip in the computer 
from damage. The second, a slightly more complex 
single-chip interface, allows a much more acceptable 
audio level to be used from the receiver. It uses a single 
LM311 voltage comparator 1C and a few resistors. 

getting the picture 

Once you've typed in the program and built either of 
the two interfaces, you're ready to receive black and 
white SSTV pictures. 

For convenience, the program for SSTV reception is 
presented in BASIC (table 1). Because the timing for 
SSTV is in the millisecond range, only a machine lan¬ 
guage routine is fast enough to provide the needed ac¬ 
curacy. This program "pokes" in the machine language 
program from BASIC. 

Tobegin, connecttheinterface, makingsurethatthe 
power to the computer is turned off; trying to connect 
the interface with power on could damage the C-64's 
sensitive circuitry. 

Next, load and run the program. There will be a short 


delay while the machine language routines are poked 
into memory. After that the screen should turn black. 

The best place to look for SSTV activity is around 
14.230 MHz, particularly on Saturday and Sunday morn¬ 
ings. Be aware that several formats are in use; much of 
the activity you'll hear will be color transmissions not 
well-suited to this simple program. Many SSTV nets, 
however, ask their participants who work in color to also 
send their pictures in standard 8-second black and white 
format for those with less sophisticated equipment. 

The best way to tune an SSTV signal is to adjust the 
receiver for normal-sounding speech and then leave the 
tuning alone during picture transmission. If everything 
is working smoothly, you'll see a picture begin to be 
traced in the center of the computer screen. The image 
will occupy only a portion of the screen. 

The best images for this simple program will consist 
of graphics that don't contain subtle color changes. Sig¬ 
nals generated using a SSTV keyboard or employing 
block-type graphics will come through best. 

Using this program we've been able to display live im¬ 
ages of distant SSTV operators. The display is some¬ 
what grainy, but the image is still quite interpretable as 
a person. 

Once you can receive pictures, you may want to trans¬ 
mit some yourself. While the simple program shown in 
table 2 won't allow you to create and send fancy pic- 
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fig. 2. Simple receive interface 
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fig. 3. SSTV receive interface uses an LM311 voltage 
comparator. 
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Join AMSAT...Today 

Amateur Radio Satellite OSCAR 10 
provides: 

• A New Worldwide DX Ham Band 

open 10 hours a day. 

• Rag Chew With Rare DX Stations 

in an uncrowded, gentlemanly fashion. 

• Popular Modes In Use: 

SSB, CW, RTTY, SSTV, Packet 

• Full Operating Privileges 

open to Technician Class 
licensee or higher. 

Other AMSAT Membership Benefits: 

Newsletter Subscription: 

Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 

Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out¬ 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 
Washington, DC 20044 

301 589-6062 
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tures, it will enable you to call CQ and acknowledge other 
SSTV signals with one of your own. 

SID sends a picture 

Normally we think of the SID sound chip in the Com¬ 
modore machine as being the hardware necessary to 
makemusic. ForSSTV, however, it becomes an impor¬ 
tant part of getting a "picture" on the air. 

The simple SSTV transmit program takes a portion of 
the regu lar text screen available on the C-64 and provides 
a conversion for everything typed in this special "win¬ 
dow." The window consists of seven lines of up to eight 
characters each. Any of the standard Commodore 
characters, including the graphics characters, can be 
used. 11 did find that the program acted strangely when 
I tried to send reverse-image characters. — K9EIJ 

The characters you type on the screen are presented, 
one at a time, to a special interpreter program. Every 
character consists of individual points of light; by 
processing these points and applying them to the sound 
chip, we can create an SSTV signal in standard format. 

Since we're using only standard characters, all of the 
information will represent either pure black or pure 
white, depending on whether the point being "scanned" 
by the program is on or off. The computer itself will al¬ 
low us to specify up to 255 different shades of gray. A 
more advanced program could use the main subroutines 
from this one to send a true bit mapped image, perhaps 
prepared with one of the graphics programs like 
Koalapainter. 

Every line of the video from our SSTV transmit pro¬ 
gram consists of 64 memory locations. A $00 specifies 
white, which is represented by a 2300 -Hz tone sent for 
0.93 milliseconds. A value of $FD indicates black, sent 
at 1500 Hz, while $FE indicates a horizontal sync pulse 
and $FF is used to indicate vertical sync. 

Each frame of transmitted video consists of seven text 
lines containing eight characters each. Each character 
is represented by an 8 x 8 matrix. The image definition 
will be 63 points horizontal (8x8 lessone horizontal sync 
pulse) by 128 points (7 characters by 8 x 2 — each line 
is transmitted twice — plus 16 lines of buffer). The ex¬ 
tra lines of buffer were inserted to allow for easy recep¬ 
tion of the picture even if the monitor isn't set up 
perfectly. 

Finally the SID chip is turned on and the frequency is 
changed according to the values stored in the matrix. 
The resulting standard SSTV audio signal can be heard 
coming out of the monitor speaker. 

Once you've created your picture, you can send it by 
pressing the "backarrow" key located in the upper left 
hand corner of the keyboard. You can move the text win- 
dowaround using the cursor keys. You can return to the 
upper left hand corner of the window by pressing the R E- 
TURN key. To terminate transmission, you must press 
and hold the RETURN key. The key is scanned during 
the vertical sync period. 
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1 ISO 
1 155 
1 160 
1 170 
1 190 
1 195 
1200 
1210 
1250 
12CG 
1,?70 
1200 
1290 
1 30U 
131C 
1.330 
1340 
1350 
1300 

13 70 
1380 
1 390 
1400 
141 0 
1420 

' 1430 

1440 
1490 
1460 

14 70 
1480 
1490 
1900 
1910 
1920 
1940 
1990 
I960 
19 70 
1980 
1 59U 
1600 
1610 
1620 
1630 
1640 
1690 
1 GO 
1670 
IbftU 
1690 
1700 
1710 
1720 
1 730 
1 740 
1 790 
1 760 
1770 
1700 
1790 

muu 
10 10 
1620 
1330 
1640 
1 ft 90 
IfiSQ 
1IJ7U 
1880 
IB 90 
1900 
iaio 

1920 
1930 
1 940 
1:300 
1960 
197D 
I960 
1990 
2000 
2U10 
2020 
2030 
2040 

«;o&o 
2060 
2070 
2UbU 
2090 
2100 
if 1 1U 
2120 
a i :io 

.‘140 

2190 


print i:hr5( 1471 :printcnb{ 10j"eEtv fcr-ajnami utkian*' 
for- x- 1 to ft 
print cnrlf 1 7) 
rvf*xt z 

lari nt 3 ) m jic 1 1 watts tr.inamlfi3ion by the ; 
print cfirit 18; •cbrSISS)*” key'**chr$( 146) 
pri nu.m( if) “utop tr«inti»i **«i on by prsisninp 
print cbr'M IB }+** return** • cnr!;>I 146) 

print chr$|19);:for i=1to8:orint chr-St175);:next 
print chrii 19}: f or i = 1 to 7: pr ir*tt.ib( to )chr${ Z 12): riuxt 
for l = 1to8:print nhrS-( 1971 ; :next 
print chrSI19) 
for c=1 to 7 

for i 1 tofi; print** "j :n»xt i sprint. 
ftl’XX c 

pr i nt chr5 l 19): n-0 
p 1 - 1064 

poko pi*64272,14;pokrpl,preklpi)•128 

rjfc' r..Vl> : i f .)i:""lhirnpok»fp1 , pt««jk ( pi ) - 121 $: qotolDLU 

if o«c( ».i>) - 1S7tnenprintii!fj : poke pi, pock ( pi ) • 126: n:n- 1 :p1 = pi - 1: yotio 1360 
if .iac( »i j*1-29 tntsn print oi;:pok** pi ,p«okl pi) - 126: n=n» 1: p1=p 1 • 1: fjoto 1350 
if ifticl 4i ) 1 14StHm print «»i; : poke pi, ptsnk l p 1 ) - 126: n=n-fl: p1 r p 1-40: qotol 350 
if ,.«c| .ft 1 -) ~ I7r.f»nn print; oJ; spoke pi .pwoklpl J - 12ft:n :n*8:r»1=p1*4Qrgota 1390 
i f jinci ) = 95tMi-n pokep 1, po'-K (p1J*12fi: pa to 1940 
if .mel nli) = 13 tht*n n-0:pt>kep1,p.?ek(pl ) - 128sejota 1330 
poke pi ,pr»t>k( pi ) - 126:pr int.iis :pf pi* 1 
n - n ♦ 1 

i f n- iitln«nn 1 - u 1 • 32: ur i nt 
if n:16 then pi- pi•32:print 
if r»= 24 cftt-ii *32;print 

if n-32 tii'jn p 1 s p 1 • J2: pr J r»t 
i f n-40 thisrt p 1 - p 1 • 32: pr i nr. 
if 11=46 thirn u 1 - p 1 * 32: pr; nt 
if n= 9b th.-n n :• II; rju to 1 330 
i :iu t rt 1390 
Ct0 

ksvs. 20224 

for i- 1064 to US 1 titvp 40 
poke 20479.ct 

on -0 

puke 56 J J4 , puck ( *»i>334 ) <»ms264 

noke 1 , pr«k| Dcnogbl 

po- lc- U*63240 

f nr p-- |.»nrepo* 7 

poke 16 364•u n . peck{Pj 

.a.l* 1 


poke 1,peek! 1J or4 
pokr*'tt 334. pr-efc { 66334 }ar 1 
«■ y *20736 
ct -ct* 1 

if ct. = 58 then 1790 


32030 04 


puke i - ti4.266 


n y.. 20 A 60 
poWi 9429k , (I 
qoto 13 30 
dato 000,1498,UOR 
dot.* O40.UMH.U4B 
016,102,024 
fl.ta 060,102,000 
cmc.a 032, 1Ub,040 
tier ,. 008, 110,916 
m. t.t, 048 , 1 10,056 
cnvc.t 024.114.032 
tic t • • 000. lift. 00ft 
data 040, 11 ft.04ft 
.'i< r. .« a Hi, 122.024 
cj.rt a 160,090.141 
oat.. 162,000,109. 
Oat,. ,730,010,079, 

ci. e.. 162.000, IBS. 

cj. lt.-l 238.036.079 
CKit.i 1b3,016.14 1 
data 169,017.141 
dot.. 169.233.046 
data 128.201.0D0 
dbtu 264.240,985 
dot.. 210,295,096 
data 234,234,?34 
onto 152,141,001 
cits 1 . 1 * 253,202,206 
ctut-1 Q30.0BQ.07B 
tUito c* It-, 1653,099 
data Ub. 20ft, 253 
ctot.i 163,236, Cl30 
data 141.U00.21C 
an ini 160,240,136 
dfit.. 060,206,131, 
rttiti* 169.200.14 1 
doc* 162.097.160 


,098,016,1)96,024 
, 096,056,09ft.UUU 
102,032,102,040 
106.006,10b.01b 
, 106,046, 108,056 
1 10,024, 1 10,032 
1 10,000, 1 14,008 
. 1 14.040, 1 14.04ft 
116,016,116.024, 
1 16,056, 116,000 
122.032.122.040 
016,079,169,126 
25J,157,000,000 
Ibft.UVlB, 2135,016 
263,157,000.129, 
Ibii, 129,205,036. 
024.212,169,240, 
,004.212.1C9.127 

017,2D»,141,017 
240.029,201,253. 
201,255,240,113, 
234,234,234,234 
234, 169,240, 14 1, 
212.162,001,160 
24ft.23ft.029.080 
028.000.255,169 
141.001.212,162, 
202,208,248,230 
000,076,028,080 , 
1IS9 , 079 , 14 1 , au 1 
208,253,202,208, 
236,030,080.076, 
000,212,169,075, 
130.13b,206.253 


, 056.U32,098 
, 102,008, 102 
, 102.04b.102 
, 106,024, 1116 
, 106,000, 110 
, I 10.040. 110 
,114,016,114 
, 114,066.114 
1 18,032, 118 
122,006,122 
, 122,04ft, 122.05Li, 

, 14 1.03b.U79 
,232,200,260 
U79.20ft.2 38 
232.200.260 
u79.2Uti.230.U96 
141 ,00b, 212 
141.013,220 
,708. 17.1. 1 Ph 
740 ,067,20 1 
169,069,032 
734,234.234 
000,212,165 
163,136,20ft 
708.155.238 
200. 141 ,000 
001.160.153 
02*3.080,2QR 
755.169.200 
212.102,008 
248.238,029 
Qc8,OBU.QOO 
141,001,212 
702,208,24ft 
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MOSLEY...A Better Antenna... 

For New and Old 

•EASY ASSEMBLY ’2 YEAR WARRANTY 

•NO MEASURING ‘LOW SWH 

•ALL STAINLESS HARDWARE ’BUILT TO LAST 



complete the Honor Rail Mosley oilers a Fill 
Line o! Tri-Banders which will mechanically and 
electronically outperlorm (he oimpoilllon For 
Hie new twin willi limited space arid poirket 
nook, stmt with our TA-31 .lr rotalaplo dipole 
You can make our IA III Jr into a 2 or :i element 
as your needs increase 

II you Sian won me need lu run lugliei power 
then (lie 1A-31 Is lot yotl 1 Ins also carl he made 
into a 2 or 3 element beam as you expand your 
slalion _ 



For me ham that warns a little more performance 
ml ol ,r Tri-Bander bid rs limited m room then 
our CL 33 on a 18 lool boom is me yray to go 
For itiose that warn MONO BAND poilormance 
out ol a In-Bander warn to neat belter and be 
louder the CL-36-ts lor you 


... . —*-■ * ‘-e=>~- 



* « - PRO-57 


Foi the ham that wants to slart rigid al the lop. 
Ihe PRO-57 is the antenna dial will give you king 
ol the hill performance. II is Ihe bioadesl banded, 
highest power, best pertaining Multi-Bander in 
out linn. PRO-57: (10.12, 15. 18.201 also availa¬ 
ble: PRO-67 (10. 12. 15. 18. 20 S 40) 

Compare ours belore buying any oilier antenna 
All stainless standard all heavy telescoping 
aluminum elements which means heller gualily 
and no measurement Ease ol assembly gives 
you a gualily antenna with consistent perloi 
mance Our elements are pie-dulled so you will 
gel me same perlormance as we no All o< our 
Tri-Banders come with a ? year warranty 
II you are a new ham and aie nol laminar wild 
MOSLEY ask an older ham annul us or call me 
PRESIDENT ol MOSLEY He will or: glad lo ex¬ 
plain wny MOSLEY IS A BETTER ANTENNA 

Tnese and oinei MOSLEY products are available 
through your favorite DEALER Or write or call 
MOSLEY lot Ihe DEALER nearest you 


JL 

1344 QAUR OlVO ST LOUIS MISSOURI 6313? 

1-314-994*7872 1-800*325-4016 
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(continued from page 47) 


2160 data 
5170 data 
3180 data 
5190 data 
2200 data 
2210 data 
2220 data 
2230 data 
2240 data 
2250 data 
2260 data 
2270 data 
2380 data 
2250 data 
2300 data 
2310 data 
ready. 


1G9 , 129,141,013,220, 159,01(5,013,017,208 
141,017,208,032,228,255,201,000,240,004 
096,234,234,234,159,000,141,029,080,IBS 
096,141,030,080,076,015,080 
173,255,079,010,234,234,170,189,000,078 
141,049,081,141,081,081,232,189,000,078 
141,050,081.141,082,081,152,000,160,000 
189,000,064,141,255,063,052,000,064,144 
005,159,000,076,046,081,169,253,153,184 
125,200,234,234,234,234,192,008,144,232 
160,064,173,255,063,157,000,064,062,000 
064,144,005,169,000,076,080,081,169,253 
153,184,135,200,234,234,234,234,192,072 
144,232,232,224,008,208,001,096,169,138 
024,109,049,081,141,049,081,141,081,081 
144,172,238,050,081,238,082,081,076,028,081 


Incidentally, it does take a few se 
conds for the program to assemble the 
text into the matrix, so anticipate a few 
seconds delay when you press the 
transmit key. Like the receive program, 
the transmit program is presented in 
BASIC language form, although it does 
use machine language subroutines that 
are accessed from the BASIC program 
using the SYS command. 

The SSTV audio tones will be present 
on the regular audio output connection 
of your monitor cord. If you're using a 
TV set as a monitor, the tones will ap¬ 
pear in the TV speaker. 

It's best to establish a direct connec¬ 
tion between the audio output of the 
computer and your transmitter. You 
may wish to insert a small potentiometer 
in the line to allow adjustment for the 
proper level. 

apples and oranges 

How does this software-only method 
of SSTV reception and transmission 
compare with other methods that in¬ 
volve some external hardware? The 
original program published by Ed Cox in 
vicComm allowed SSTV reception on 
an unexpanded VIC-20 but required a 
two-chip interface Because of the 
memory limitations of the VIC-20, the 
picture was a somewhat elongated, 
compressed image. The reception pro¬ 
gram presented here maintains the 
proper aspect ratios but doesn't pro¬ 
duce a larger image. Later versions of 
the Cox program for both the VIC-20 
with additional memory and the C-64 
did give a full-screen presentation and 
at least got the aspect ratio pretty close. 

On reception I found th • Cox pro¬ 
gram and this one to be nearly identical 


in their level of clarity. They certainly 
aren't commercial quality, but are still a 
great way to get your feet wet on SSTV. 

For transmit, the Cox program is 
somewhat more nicely configured, but 
does require the external interface. The 
picture quality coming from the 
software-only program is virtually iden¬ 
tical, with the advantage of no external 
interface. 

When compared to the program and 
hardware combination available from 
Kinney Software,* both programs 
show their limitations. While the Kinney 
approach is still not up to the state-of- 
the-art, it does produce a fairly high 
resolution image both in receive and 
transmit that neither of the other pro¬ 
grams can produce. Still, it's a larger in¬ 
vestment, so better results are to be 
anticipated. 

While the SSTV software here has in¬ 
herent limitations, it certainly shows 
what can be done by talented program¬ 
mers with a machine as "simple" as the 
Commodore 64. With very little more 
than an expenditure of time, you can put 
your C-64 to work sending and receiv¬ 
ing SSTV signals. Imagine what else it 
can do! 

postscript 

Questions or comments should be 
addressed directly to the authors at the 
address given at the beginning of this ar¬ 
ticle, which was originally published in 
a somewhat different form in the nation 
al magazine of The Associazione Radio 
amatori Italiani (ARU. 
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Crystal 
jt Filters 

TRIPLE DISCOUNT SALE 

SAVE - SAVE - SAVE 



On a single order, save 10% on your first filter, 
20% on second, 30% on third (or more). 

EXAMPLES: 1 $60 Filter for $54, 2 for $102, 3 
for $144, 4 for $186, etc. To save most, get a 
group together: combine your orders. Save on 
Discounts, Save on Shipping Costs. Mix or 
Match Filter types in the same Price Group. 

8-POLE FILTERS FOR KENWOOD 

8.83MHz IF for TS120 through TS940 -Reg. $60 
Bandwidths: 250, 400, 1800, 2100, 6000Hz 
Cascading Boards (used with 2100 Filter) for 
TS430S - $20, TS520S - $15, TS820S $15 
455 KHz IF for TS830/930/940 - Reg -$110 
Bandwidths available: CW 400 Hz: SSB 2.1 KHz. 
NOTE: Do not mix with $60 units for discounts. 
Matched-Filter Pairs lor Above Reg. $170 ea. 
(8.83mhZ and 455KHZ) SSB: 2100. CW: 400Hz. 
Super-Special: One pair - $140, Two - $260 

3.395MHZ IF for TS520, TS511. R599 - Reg. $60 
Bandwidths Available: 250 , 400, '1800, 2400Hz 


EXTRA SPECIALS! 

*3.395MHz 1800Hz use $50 List, then discount 
TS440S Pair (CW & SSB) discounted price $95 

Same deal for 

YAESU, DRAKE, ICOM and HEATH 
Write or PHONE for Sale Prices. 

LIMITED QUANTITIES - ORDER NOW! 

SPECIFY: Make and Model Number of your Rig. 

Frequency and Bandwidth of filter(s) 
ORDER by Mail or Phone - VISA/MC or COD OK. 
SHIPPING: $5 US and Canada. $12 elsewhere 

GO FOX-TANGO - TO BE SURR 
GET THE BEST - FOR LESS', 

FOX-TANGO. Corp. 

Box 15944, W. Palm Bch, FL 33416 
Telephone: (305) 683-9587 
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convert an inexpensive 
CB mag-mount antenna 
into a superb 

2-meter whip 


In mounting mobile antennas, 
position is everything 


Radio Shack sells an inexpensive CB mag-mount 
whip antenna (Model No. 21-1005A, shown in fig. 1) 
that can easily be converted to hamband use. It's a rug¬ 
ged unit with a chrome-plated disc-shaped base hous¬ 
ing the magnet and a 16-foot length of RG-58/U cable 
attached. The necessary modifications don't alter the 
external appearance of the antenna in any way. 

From the tip to the bottom of the conical aluminum 
base, it measures 37-1/2 inches — close to the 1/2-wave 
resonant length at 146 MHz. It’s tuned at CB frequen¬ 
cies by placing an inductor between the base of the whip 
and ground that resonates with the short monopole 
capacitive reactance. Tapped a short distance up the coil 
from the grounded end, it produces a 50-ohm resistive 
impedance. 

modifying the base 

Dismantling the base is easy. The conical aluminum 
base unscrews by hand from the black plastic housing, 
separating the aluminum base from the disc-shaped 
magnetic mount below. The plastic housing is then 
pulled gently from the magnetic mount, revealing the 
matching assembly: a tapped-inductor tuner! The only 
damage to the assembly caused by taking it apart is to 
a ring of caulking compound (probably silicone rubber) 
thal breaks loose from the base of the black plastic hous¬ 
ing. Weatherproofing can be restored even improved 
— by replacing this and adding more caulking com¬ 
pound to the peripheryof the hole where the RG-58/U 
cable emerges from the plastic housing. 

matching network design 

The existing matching system for the Archer anten¬ 
na is ideally suited for modification into an L-network. 
The coil form, measuring 5/8 inch in diameter, is made 


of solid plastic. The No. 18 wire of the existing coil is en¬ 
tirely satisfactory. Even the mounting terminals on the 
coil form can all be conveniently used. A small variable 
capacitor is the only component that must be added. I 
used a compression mica capacitor from my junk box 
(the screw-adjustable kind, mounted on a little white rec¬ 
tangular ceramic base). Since the capacitance required 
will be in the order of 5 pF, I recommend one that's ad- 



fig. 1. Mag mount whip antenna after modification and in- 
stallution. 


By Donald K. Reynolds, K7DBA, 749 San Jude 
Avenue, Palo Alto, California 94306 
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justable in the 3- to 10-pF range. The ceramic-based 
compression mica type should handle powers of up to 
100 watts. 

I achieved a practically perfect match at 146 MHz by 
using the usual cut-and-try methods. My final coil had 
exactly five turns, from a bottom pin on the coil form 
(which is internally grounded to the magnetic base! to 
the pin directly above it at the top of the coil form, which 
is internally connected to the 1 /4-20 screw onto which 
thealuminum baseof theantenna is threaded. Since the 
spacing between the bottom and top pins to which the 
coil is attached is slightly over 1-1 /2 inches, the turns are 
considerably spread out. In my final version, the top four 
turns are spaced about 1 /4 inch apart; the bottom turn 
descends more steeply to reach the bottom pin. Three 
pins are on the coil form, each one extending horizon¬ 
tally through the plastic form so as to be accessible from 
either side. 

The finished L-network is shown in fig. 2. The termi¬ 
nals on the capacitor have been bent out flat so that they 
can be soldered directly to the pins on the coil form. One 
terminal of the capacitor is soldered to the other end of 
the pin to which the center conductor of the coaxial ca¬ 
ble is already soldered, and the other terminal of the ca¬ 
pacitor is soldered to the opposite end of the pin to which 
the top of the inductor is soldered (that is, the base of 
theantenna). Nothing hasto be done to the outer braid 
of the RG-58/U cable because it's already securely 
grounded to a lug under the coil form. 

Figure3 shows the schematic diagram of the final L- 


network. For those unfamiliar with the operation of 
these simple matching sections, they are ideally suited 
for transforming primarily resistive impedancesfrom one 
value to another. Resistance R, the input resistance 
presented to the base of the whip and ground at the whip 
resonant frequency, will have a value in the neighbor¬ 
hood of 1000 ohms. The load resistance is shunted by 
the inductor so that the parallel combination is equiva¬ 
lent to a resistance of 50 ohms, in series with an induc¬ 
tive reactance. This reactance is then tuned out by the 
capacitive reactance of the adjustable capacitor. As¬ 
suming that the antenna represents a pure resistance of 
1000 ohms at 146MHz, calculated values for the L net¬ 
work are: L = 0.25 mH and C = 5.0 pF. 

measured results 

The final tuning of the antenna should be done with 
the antenna mounted at the selected location on the ve¬ 
hicle. It can be done with the black plastic covering of 
the matching network removed and the whip screwed 
to the top of the coil form. With a reflected power me¬ 
ter in series with the coaxial line, the capacitor is adjust¬ 
ed with an insulated tuning tool at a frequency near the 
center of the band. A deep minimum in the reflected 
power should be obtainable, I used a Bird Wattmeter; 
on the 25-watt scale, using 25 watts of transmitted pow¬ 
er, my reflected power between 144 and 148MHzdid not 
exceed 0.3 watt. This corresponds to a maximum 
VSWR of 1.25. When the plastic cover is put back in 
place, the tuning is hardly affected. From past exper¬ 
ience, I know that with a more sensitive directional cou¬ 
pler and a little more tweaking, I could reduce the 
reflected power at the center of the band to practically 
zero. However, at present, it's close enough. 

positioning mobile whip antennas 

A monopole antenna is really an abstraction implying 
a single conductor extending out from an infinite con¬ 
ducting plane. Its mostfamiliar practical implementation 
is a broadcast antenna tower, in which an R F voltage is 
applied between the base of the tower and the earth. 
Even here, one could regard the antenna as a very unbal¬ 
anced dipole, one side being the tower and the other the 
earth. In mobile whips, the dipole consists of the whip 
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fig. 3. Schematic diagram of L-network tuner. 
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and the car, between which RF drive is applied. 

It's a common mistake to think that the radiation pat¬ 
tern of a given antenna, suchasa 1/4-wave, 1 /2-wave, 
or 5/8-wave whip, is the same when mounted on a ve¬ 
hicle as when it's mounted above an infinite conducting 
plane. At 146 M Hz the car's roof is a small ground plane 
elevated about 3/4 wavelength above the earth ground. 
This elevation affects the whip antenna radiation 
pattern. 

When VH F antennas are mounted on cars, the main 
differences between antennas show up in the lack of 
symmetry of their respective radiation patterns in the 
horizontal plane. The most circular pattern is always ob¬ 
tained with the whip mounted at the center of a metal- 
topped roof. Contrary to popular belief, little gain differ¬ 
ences are noted between 1/4-, 1/2-, and 5/8-wave 
whips when they're mounted on finite ground planes 
(car roofs), certainly notthe3-dB improvement realized 
when comparing a 1/4-wave to a 5/8-wave vertical 
working against an infinite-conductivity, infinite-extent 
ground system. ( This is related to the fact that at low 
take-off angles, as in mobile-to-mobile contacts, none 
of these antennas produces a maximum field compo¬ 
nent. It would be necessary to tilt the car and antenna 
system as a unit, adjusting the incline for each anten¬ 
na/ground optimum take-off angle, in order to proper¬ 
ly compare maximum de veloped field strengths. — Ed I 

feedpoint currents 

At very asymmetrical locations, such asat one side of 
a trunk lid, or on one side of the hood, rather large differ¬ 
ences between different antennas may appear. This is 
because of the different levels of current that emerge 
from the feedpoint at the bases of differentantennas and 
spread out over the surface of the car. Of the three 
lengths of whips popularly used, the 1/4-wave whip 
spreads the most current; the current from the 5/8-wave 
whip is about 70 percent of the value of the 1 /4-wave 
whip, and the currentfrom the 1 /2 wave is the lowest, 
being in the order of 20 percent of the value of the 1/4 
wave (depending on the diameter of the whip). These 
differences in current spreading out over the car have lit¬ 
tle effect when the antenna is placed at a point of 
symmetry. However, when the whip is in a highly asym¬ 
metrical location, the patterns can be drastically af¬ 
fected. 

radiation intensity measurements 

Some years ago a group of professors at the Univer¬ 
sity of Washington (including myself), who were also 
licensed Amateurs, made a series of measurements of 
the radiation intensity in the horizontal plane from 
2-meter whips mounted on vehicles. The cars were 
mounted on a rotator, flush with the ground, and the 
radiation intensity was measured using a distant pick¬ 
up antenna in conjunction with a Scientific Atlanta pat- 
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tern recorder. The best antenna location, asexpected, 
was the center of the roof, where the maximum varia¬ 
tion in intensity throughout 360 degrees of rotation was 
about 3 dB. The worst case was for a 1 /4-wave whip 
mounted at the side of the trunk of a sedan, just forward 
of the hinge. In this case, the pattern was very irregular, 
showing a 17-dB hole in onedirection. The most surpris 
ing result was in the case of a 1 /2-wave whip mounted 
on the centerline of the top at the rear end, just above 
the tailgate window of a station wagon. The pattern for 
this case had a maximum-to-minimum variation of only 
3 dB in 360 degrees. 

There seems to be little doubt, then, that the 1 /2-wave 
base-driven whip is the most tolerant of mounting loca¬ 
tion. It is therefore an excellent choice for a magnetically 
mounted antenna, especially when placed beside the 
trunk lid or to one side of the hood, just ahead of the 
windshield. Since maximum current occurs halfway up 
the whip, the 1 /2-wave antenna can "see" over the car 
top better than a 1 /4-wave whip at the same location. 
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RF connectors: part II 

Last month's column introduced the 
subject of RF connectors, described 
some of the major series, and provided 
relevant mechanical and electrical data. 
This month's column will complete the 
subject and present additional data on 
the mechanical and electrical aspects of 
the RF connectors most often used by 
Amateurs. 

mechanical considerations 

RF connectors come in many types, 
shapes, and sizes, depending on 
whether the cable to be connected has 
a braided, solid, orhelical/annularout- 
er shield. The most common RF con¬ 
nectors are designed for flexible coaxial 
cable. Flardlineand Heliax™ cables re¬ 
quire special connectors which are 
usually bigger and more difficult to at¬ 
tach, frequently requiring the use of a 
hacksaw or tubing cutter. Crimp-type 
connectors, which are becoming very 
popular, will be discussed later. 

RF connectors are manufactured 
from many different materials. The 
most common materials in the outer 
conductor are brass, stainless steel, 
aluminum, die-cast zinc, or beryllium 
copper. Stainless steel, one of the most 
durable materials, isexpensive. Alumi¬ 
num, usually cheapest, is the least 
durable. 

Connector plating is very important, 
especially on active metals. Even stain¬ 
less steel connectors are usually plated. 
Until the price of precious metals soar¬ 
ed, the most common platings were 
silver or gold; nowadays, less expensive 
platings such as nickel, tin, or chrome 
are used. 


Another important but frequently 
overlooked indicator of quality in an RF 
connector is the material of which the 
delicate center pin is made. The most 
common materials — brass, beryllium 
copper, and phospor bronze — are pre¬ 
ferred because they can be readily sol¬ 
dered. Center pins are usually plated 
with a precious metal. 

Depending on the connector series 
and type, the center pin can be captiv¬ 
ated, connected to the center conduc¬ 
tor of the cable, or actually fabricated 
from the center of the cable itself. If the 
center pin is captive, proper positioning 
inside the connector body will usually be 
assured. Flowever, if the center pin is 
connected directly to the cable, its pos¬ 
ition on the center conductor is very crit¬ 


ical during the time when the connec¬ 
tion is assembled. If it'stoo long, it may 
protrude too far and damage the mating 
connector. If it's too short, contact may 
be either lacking or intermittent. 

Because the center pin may move in 
or out with changes in the environment 
(such as temperature, for example), the 
latter can be a problem at temperature 
extremes or when a cable is coiled up. 
This is why connector manufacturers 
usually provide detailed assembly in¬ 
structions indicating exact cutting 
lengths on all the sections of the cable 
being prepared to mate with a connec¬ 
tor. Furthermore, coaxial cables should 
always be secured to a tower or mast so 
that no pressure is placed on the con¬ 
nector itself. 



FREQUl HCY (GHt) 

fig. 1 Typical maximum VSWR versus frequency for type BNC, TNC, N and SMA 
conncectors. 
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The quality of the RF connector's 
threads is also important. Although 
the threads are usually quite durable, 
those on less expensive connectors 
— such as the UHF type — generally 
don't work well after many matings. If 
the connector body is aluminum, the 
threads may seize; sometimes a lubri 
cant is necessary. 

Before mating connectors, always 
make sure that the connectors are prop¬ 
erly aligned to avoid cross-threading. 
Sometimes it helps to first rotatea con 
nector either one half or one full turn in 
the reverse direction before turning it in 
the desired direction. Finger-tightening 
is usually sufficient; if further tightening 
is required, use a wrench only as a last 
resort, applying only as much pressure 
as is absolutely necessary. Too much 
pressure may damage the connector 
permanently. 

Connectors use many types of dielec¬ 
trics, including air or polystyrene, tef¬ 
lon, Rexolite™, glass-teflon, and 
mica-filled bakelite. Because these ma¬ 
terials often require a precise fit, they 
must be properly handled when con- 
nectorsare assembled. Any heat (such 
as that applied by a soldering iron dur¬ 
ing assembly) or external side-pressure 
can permanently distort the dielectric. 

It should go without saying that all 
connectors must be properly assem¬ 
bled, especially if they're to be used near 
their frequency limits. Designers have 
spent countless hours ensuring that 
connectors will meet their specifica¬ 
tions; if improperly assembled, the 
specified impedance or insertion loss 
may be exceeded. 


One frequently overlooked mechani¬ 
cal parameter of RF connectors is the 
quality of the environmental seal. Is 
the connector weatherproofed? Does it 
have a gasket or washer made of syn¬ 
thetic rubber, silicon rubber, or neo¬ 
prene? If it doesn't, it should never be 
used outdoors or in indoor applications 
where moisture is present. 

electrical performance 

The most important electrical proper 
ties of an R F connector are frequency of 
operation, impedance, power handling 
capability, and insertion loss. Reference 
1 details the typical maximum frequen¬ 
cies for the major series of connectors. 
Above the maximum recommended 
frequencies, the impedance of an RF 
connector may wander and "suckouts" 
attributable to resonances may occur. 
This can severely limit performance, 
perhaps without your knowledge. 

Connectors may be damaged if sub¬ 
jected to high RF levels, especially if 
there's a VSWR mismatch. VSWR per¬ 
formance is usually tightly controlled on 
RF connectors; for UG-type connec¬ 
tors, it's generally spelled out in the var¬ 
ious military standards. Remember that 
this maximum VSWR applies or?/y if the 
connector is properly assembled to a 
low-VSWR cable. If the cable hasa poor 
VSWR, or if the connector is improperly 
assembled, all bets are off. 

VSWR usually increases with fre¬ 
quency at a fairly predictable rate below 
the cutoff frequency of the connector. 
It can be defined mathematically by the 
following equation: 

VSWR = K / + Krf (1) 


where K\ and K? are VSWR constants 
(that depend on the connector series! 
and f is the operating frequency in 
GHz. The lower the constant, the low¬ 
er the VSWR. 

The typical VSWR constants for the 
R F connector series most popular with 
Amateurs are shown in table 1. For in¬ 
stance, using eqn. 1, a properly as¬ 
sembled N connector should have a 
VSWR below 1.088 at 4 GHz and 1.13 
at 10 GHz. Figure 1 shows some typi¬ 
cal connector VSWR variations with 
frequency. 

Insertion loss is another important 
RF connector parameter. The maxi¬ 
mum insertion loss of a connector can 
be estimated using eqn. 2: 

l.L. = KVf (2) 

where l.L. is insertion loss in dB, K is 
the insertion loss constant from table 
1 and f is frequency in GHz. For in¬ 
stance, using the constants in table 1, 
the maximum insertion loss of a 
properly assembled N connector at 4 
and 10 GHz will be 0,1 and 0.158 dB, 
respectively. Figure 2 has been pre¬ 
pared to show some typical losses of 
RF connectors at different frequencies. 

In last month's column I alluded to 
the fact that some Amateurs throw 
connector specifications around quite 
loosely. For example. I'll bet most of 
you have heard somebody say that 
connectors should be avoided at all 
cost since a typical RF connector has 
up to 0.5-dB insertion loss. A 0.5-dB 
insertion loss is equal to a power dis¬ 
sipation of 11 percent. Said another 
way, if 1000 watts of RF power were 


Table I. Parameters needed to properly choose an RF connector in the main series used by Amateurs. Typical constants for determin¬ 
ing VSWR and insertion loss versus frequency are also shown where known. Consult text for explanation on use of the constant. 


Connector 

Peak RF 

Peak power 

Impedance 

Max freq 

VSWR 

Max insertion 

RF 

series 

Voltage 
at 100 MHz 

in watts 

in ohms 

in GHz 

constants 

loss constant 

leakage in dB 

BNC 

1000 

500 

50* 

4 

1.12 + 0.007f 

0.1 

-60 + f 

N 

1000 

1000 

50* 

11 

1.06 + 0.007f 

0.05 

-85 t f 

SMA 

1000 

500 

50 

18 

1.02 + 0.005f 

0.03 

100 f f 

TNC 

1000 

1000 

50 

11 

1.07 + 0.007f 

0.05 

90 i f 

UHF 

500 

500 

50-70 

0.3 

NA 

NA 

NA 


*75-ohm versions are in use, especially in the CATV and computer industries. 
**f in GHz (see text for further explanation!. 
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to pass through a connector with a 
0.5-dB insertion loss, 110 watts would 
be dissipated. Goodbye connector! 
Even a 0.1-dB loss is about 2.25 per¬ 
cent, or, under the same conditions, 
a 22.5-watt dissipation. This is still 
enough loss to destroy most RF con¬ 
nectors when sufficient power is 
applied. 

Another important RF connector 
parameter is power handling capabil¬ 
ity. It's painfully obvious from the 
material just presented that insertion 
loss, to a great extent, is the determin¬ 
ing parameter when specifying pow¬ 
er. Indirectly linked to power is the 
breakdown voltage of the connector. 

Power handling is inversely related 
to frequency. Hence the power rating 
of an RF connector decreases with in¬ 
creasing frequency. Figure 3 has been 
prepared to show typical manufactur¬ 
ers' ratings of RF power versus fre¬ 
quency for some of the most popular 

Most Amateurs running high power 
on 70 cm and above have probably ex¬ 
ceeded the ratings on N connectors at 
one time or another even with the old 
FCC power limits. Furthermore, the 
power limits assume a 1:1 VS WR. What 
do you do if your VSWR isn't 1:1? You 
must derate the power handling capa¬ 
bilities of the connector accordingly. 

Table 2 shows the recommended 
percentage of R F power derating for an 
RF connector with a VSWR greater 
than 1:1. For instance, if your VSWR is 


2:1, the connector power rating shown 
in fig. 3 should bedecreased to 88 per¬ 
cent. Therefore, the maximum rating of 
an N connector at 1:1 VSWR operating 
at 432 M Hz is approximately 450 watts. 
With a 2:1 VSWR atthe samefrequen- 
cy, the maximum power rating should 
be dropped to approximately 400 watts! 

The voltage breakdown on RF con¬ 
nectors isn'talways clear. Manufactur¬ 
ers usually do a high potential break¬ 
down, but this is at DC. The actual RF 


Table 2. This table lists the recommend¬ 
ed deratings of a connector's RF power 
handling if the VSWR is higher than 1.1:1. 

VSWR 

Derating factor 


(in percent) 

1.5:1 

94 

2.0:1 

88 

2.5:1 

83 

3.0:1 

78 

3.5:1 

73 

4.0:1 

70 

4.5:1 

67 

5.0:1 

65 


breakdown, typically done at 5 MHz, is 
much lower. Some typical limits are 
shown in table 1. Note that in this 
regard there's normally no difference 
between BNC, N, TNC or SMA-type 
connectors; therefore, size isn't the only 


determining parameter of the RF break¬ 
down voltage. 

The VSWR indirectly enters the pic¬ 
ture because the voltage across the con¬ 
nector may rise if the VSWR isn't 1:1. As 
noted in reference 1, some series of R F 
connectors are highly recommended if 
breakdown voltage is a criterion. 

RF leakage is sometimes a criterion, 
especially if the connector is operated in 
a strong field (such as the output of a 
down-converter feeding a 28 MHz l-F.). 
Typical values of R F leakage are shown 
in table 1, where f is frequency in GHz. 
Hence a BNC connector at 4 GHz will 
have a leakage of only 56 dB below the 
internal or external signal level, while an 
SM A connector at the same frequency 
will have a leakage of typically 96 dB! 

adapters 

So far we've been discussing only R F 
connectors. RF adapters are also very 
common. Generally speaking, they're 
about two to three times poorer than a 
single connector. Therefore, to esti¬ 
mate the VSWR or insertion loss of a 
coaxial adapter, double or triple the 
value shown for a single connector. 

crimp connectors 

Although most Amateurs use stan¬ 
dard RFconnectors that can be assem¬ 
bled with simple hand tools, crimp-type 
connectors have been available for 
many years. These connectors, how¬ 
ever, weren't always reliable, were 
often more costly than comparable non¬ 
crimp types, and usually required ex¬ 
pensive crimping tools. 

In recent years this situation has 
changed. Crimp-type connectors have 
become less expensive and more relia¬ 
ble; any necessary crimping tools have 
also decreased in price. In fact, Gilbert 
Engineering* has developed type-N 
crimp connectors for RG 8/U, RG 
213/U, RG214/U, and Belden9913that 
are less than two-thirds the price of 
comparable non-crimp-type connec¬ 
tors. They all use the same crimping 
tool, which costs about $45.00. 

Once you've assembled about 30 
crimp-type connectors, the crimp tool 

‘Gilbert Engineering Co., P.O. Box 23189, 
Phoenix, Arizona 85063-3189 



fig. 2. Typical maximum losses versus frequency for some popular rf connectors used by 
amateurs. 
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FREQUENCY (GHi) 

fig. 3. Manufacturers rf power ratingsfor some of the most popular rf connectors. Note 
how they drop rather rapidly at the higher frequencies. 


has paid for itself and you'll save mon¬ 
ey on each connector thereafter — not 
to mention the considerable savings in 
assembly time. I've used all Gilbert En¬ 
gineering types mentioned and can at¬ 
test to their performance and ease of 
assembly. No more tight trimming or fil¬ 
ing down the center of the coax! 

The only problem with most crimp- 
type RF connectors is that they're not 
waterproofed. However, if you slip a 
small (2- to 3-inch) piece of heat- 
shrinkable tubing over the rear portion 
of each connector, you'll have a very 
weatherproof connector that probably 
has a better seal than the typical non- 
crimped connector with its built-in en¬ 
vironmental seal. These connectors 
should be especially useful in alleviating 
the drudgery of assembling a large an¬ 
tenna array! 

availability and cost 

Good new RF connectors aren't 
cheap. The price of most common con¬ 
nectors runs from $2 to $5 each in small 
quantities. The smaller the connector 


and the higher the frequency of the 
operation, the more costly they're like¬ 
ly to be. Likewise, connectors with sil¬ 
ver or gold plating or teflon dielectric are 
more expensive. If you 're going to use 
a connector outdoors, make sure it has 
a weatherproof seal. 

Connectors for hardline and Heliax™ 
are much more expensive. This is easy 
to understand because they're bigger, 
more complex, and more difficult to 
manufacture. However, once they're 
installed on a line, they'll give many 
years of service and will pay for them¬ 
selves in improved performance. 

Don't skimp on connectors, especial¬ 
ly if you use an expensive transmission 
line. Low-cost connectors could break 
down or allow moisture to form inside 
the connector and thereby ruin an ex¬ 
pensive transmission line. Do shop for 
bargains, especially at flea markets, but 
don't be penny wise and pound foolish. 

tips 

Always be sure that a neoprene 
washer or equivalent seal is used on all 


connectors mounted outdoors. Sealing 
connectors from the weather is tricky 
business. Some Amateurs recommend 
special sealing techniques on the con¬ 
nectors, while others say not to worry 
about any of the above. I suggest taking 
a position somewhere in between; if you 
try to seal off a connector completely 
(using tape, acrylic strays, or rub- 
ber/silicon-type compounds) and any 
moisture enters (and believe me, it will), 
you're in real trouble. I've tried placing 
silicon grease inside RF connectors only 
to have it degrade with time and then 
take on moisture; this can result in an ex¬ 
plosion, however, if the VSWR gets too 
high! 

If you do decide to seal a connector, 
Coax-Seal™ is highly recommended. 
It's reasonably priced and does a good 
job of filling most of the places where 
moisture can enter. It's also reworkable 
if the connector has to be opened. But 
unsealed RF connectors aren't always 
as much of a problem as you might 
think. If water enters a UG21 /U type-N 
connector, it will frequently evaporate 
in a day or so. 

It's best to position connectors so 
that rain is less likely to enter and then 
take reasonable precautions. For exam 
pie, moisture will often creep along the 
threads of a connector via capillary ac¬ 
tion. You can prevent this by applying 
a light coating of silicon grease to the ex¬ 
posed threads of one of the connectors 
just before final connection to the an¬ 
tenna. Once the connector is screwed 
together, the protective coating will pre¬ 
vent moisture from entering. 

As mentioned earlier, RF connectors 
should never be subjected to pushing or 
pulling. Mount cables securely with 
tape, Tiewraps™, or Kellum clamps 
("torture fingers") so that no external 
pressure is exerted on the connector. 
This is particularly true with RG 17/U 
coax, which has a different expansion 
coefficient between the center conduc¬ 
tor and the shield. Tie RG 17/U down 
carefully, without bends, to prevent pin 
pullout in cold weather. 2 

It's important to pay close attention 
to the assembly of an RF connector so 
that the center pin is properly located. 
(This is especially important with the 
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"captivated" typeof connectors.) One 
test I perform involves placing a finger¬ 
tip on the center pin of the assembled 
connector. If the finger lightly touches 
the pin, then the pin is probably assem¬ 
bled properly. If thepintriestopuncture 
your fingertip, it's probably protruding 
too far. Conversely, if you can't feel the 
pin, then it's too far inside the connec¬ 
tor body and probably won't have suffi¬ 
cient overlap for a reliable connection. 

For maximum reliability, test all con¬ 
nectors fot VSWR after assembly. If 
possible, also check insertion loss. It's 
a lot easier to test and repair an R F con¬ 
nector in the shack than on an antenna 
mounted 100 feet in the airl 

summary 

RF connectors are constantly being 
improved, and Amateurs who follow 
these developments will reap the 
benefits. Those who take the time to 
properly assemble connectors — fol¬ 
lowing the manufacturer's instructions 
— will have the least amount of down¬ 
time and the most pleasure in operation. 

With the data provided in last 
month'sand this month’seolumns, you 
should have all the information neces¬ 
sary to choose the right RF connector 
for your application. Remember to use 
a connector type that will have low loss 
and be able to handle the RF power re¬ 
quired at the frequency of operation. 
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PRACTICALLY SPEAKING ...fr 


transistor substitution: 
part II 

Last month we discussed the use of 
crossover guides, derating specs for 
mobile and other over-temperature ap¬ 
plications, and certain other matters. 
In this second and final installment 
we'll look at frequency response and 
mechanical problems with replace¬ 
ment transistors. 

frequency response 

Suppose you've installed a "univer¬ 
sal" small-signal replacement transis¬ 
tor and it doesn't amplify. According 



to the DC voltages, however, it draws 
normal current and doesn't heat exces¬ 
sively — yet still fails to operate. 
Chances are good that the transistor 
selected has a bandwidth that's too 
narrow, and so the amplification is in¬ 
sufficient. 

As you know, there's no one way of 
measuring the frequency response of 
transistors. Worse yet, the manufac¬ 
turers can't seem to agree on the cor¬ 
rect method of rating the frequency 
response. In fact, I've seen examples 
of three different methods all used in 
the same crossover guide! 

Probably that's the reason you can 
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install a transistor rated "50 MHz'' and 
yet find it won't properly amplify a sig¬ 
nal in a 10.7-MHz IF amplifier in a 2- 
meter FM radio receiver. In rating the 
transistor at 50 MHz, the manufacturer 
wasn't lying — but he may have inad¬ 
vertently used a rating system that 
doesn't fit your circuit. 

As shown in fig. 1, one factor in rat¬ 
ing transistors is the capacitances be¬ 
tween the junctions. Another factor is 
the thickness and geometry of the 
base region and the time necessary for 
the majority of the electrical carriers to 
cross it. If the capacitances of the 
replacement are too far out of toler¬ 
ance, then the gain will be reduced at 
high frequencies and any LC tank cir¬ 
cuits in the transistor amplifier will be 
mistuned. 

There's also the Miller effect, which 
is the effective capacitance produced 
by internal feedback from the output 
signal back to the input "amplifying" 
the actual capacitance. Because of the 
Miller effect, a small difference in in¬ 


ternal capacitance can create a larger 
change in effective capacitance 

alpha and beta gain 

Transistor alpha gain, the ratio of 
the collector current to the emitter cur¬ 
rent, can never exceed 1. Alpha gain 
is often measured in a common-base 
circuit. Beta gain, the ratio of collec 
tor current to base current, is usually 
measured in the common-emitter con¬ 
figuration. As illustrated in fig. 2, the 
frequency cutoff point is greatly differ¬ 
ent for these two kinds of ratings. A 
manufacturer who rates transistors by 
the common-base method might cor¬ 
rectly list them as having a far wider 
response than would be possible if the 
common-emitter method were used. 
Of course, the common-base rating 
can provide a no-gain 10.7-MHz IF 
stage! 

gain-bandwidth product 

Another way of rating frequency 
response is the gain-bandwidth 







product method, defined as the fre¬ 
quency at which the common-emitter 
gain drops to unity. For example, let's 
look at a transistor with a low- 
frequency (1000 Hz) beta rating of 50 
and a gain-bandwidth product of 50 
MHz. The gain-bandwidth product 
equals beta times the common-emitter 
cutoff frequency, so the common- 
emitter cutoff frequency is found to be 
only 1 MHz. That's why you can act 
on some of the short-form specifica¬ 
tions and still obtain a dud that won't 
amplify. 

analyzing maximum ratings 

Care must be used in analyzing the 
manufacturer's maximum voltage and 
current ratings. Just because a tran¬ 
sistor is listed for certain maximum col¬ 
lector voltage and current doesn't 
mean it can always operate safely at 
those levels. Figure 3 shows that the 
transistor can safely stand either high 
current or high voltage, but not both 
at the same time. Maximum collector 
dissipation (watts), the product o f both 




0.120 

fig. 4. Plan and elevation view of flat lead rf power transistor. 
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AC B 

fig. 7. Modifying a TO-220 transistor for TO-3 replacement. 


voltage and current, must not be ex¬ 
ceeded. 

mechanical problems 

Problems of physical size, connect¬ 
ing leads, and methods of mounting 
some substitute transistors are equal¬ 
ly as vexing as those of finding a suita¬ 
ble electrical characteristic. 


Our first transistor package is the RF 
power transistor shown in fig. 4. This 
device uses thin, flat "low inductance" 
leads. Several sizes are available, and 
size doesn't necessarily indicate rela¬ 
tive power dissipation rating (although 
it usually does). There was one kit- 
form 2-meter FM mobile power ampli¬ 
fier that came with either of two differ¬ 


ent types of power transistor. The hole 
in the printed wiring board was cut for 
the larger type and rubber "O-rings" 
were placed around the smaller to 
make them fit. 

Figure 5 shows several types of 
power transistor package. The TO-3 
transistor in fig. 5A is the so-called 
"standard" power transistor in a 
diamond-shaped package. A smaller 
diamond-shaped package is the TO-66 
shown in fig. 5B. There's also a 
Japanese "similar-to-T066" package 
that looks, at first glance, like the 
TO-66 but has slightly different pin 
spacings. Finally, the big horse shown 
in fig. 5C is the TO-36. This high- 
power transistor is used extensively in 
automotive audio applications, mobile 
solid-state HV multivibrator DC pow¬ 
er supplies, and in industrial electron¬ 
ics applications. 

Figure 6 shows several popular 
plastic power transistor packages. 
Some of these are listed as replace¬ 
ments for TO-3 or TO-66 diamond- 


October 1986 6S 69 









Recolve 

Freq. 

Range 

N.F. 

Gain 

t dB 
Comp. 

Device 

Price 

Only 

(MHz) 

(dB) 

(0B) 

(dBm) 

Type 

P28VD 

28-30 

<1,1 

15 

0 

DGFET 

$29.95 

P50VD 

50-54 

<13 

15 

0 

DGFET 

$29.95 

P50VDG 

50-54 

<0.5 

24 

» 12 

GaAsFET 

$79.95 

P144VD 

144-148 

<1.5 

15 

0 

DGFET 

$29.95 

P144VDA 

144-148 

<1.0 

15 

0 

DGFET 

$37.95 

P144VDG 

144-148 

<0.5 

24 

+ 12 

GaAaFET 

$79.95 

P220VD 

220-225 

<1.8 

15 

0 

DGFET 

$29.95 

P220VO A 

220-225 

<1.2 

15 

0 

DGFET 

$37.95 

P220VDG 

220-225 

<0.5 

20 

•1-12 

GaAsFET 

$79.95 

P432VD 

420-450 

<1.8 

15 

-20 

Bipolar 

$32.95 

P432VDA 

420-450 

<1.1 

17 

-20 

Bipolar 

GaAsFET 

$49.95 

P432VDG 

420-450 

<0.5 

16 

4-12 

$79 95 

Inline (rl switched) 
SP28VD 28-30 

<1.2 

15 

0 

DGFET 

$59.95 

SP50VD 

50-54 

<1.4 

15 

0 

DGFET 

$59.95 

SP50VDG 

50-54 

<0.55 

24 

+ 12 

GaAsFET 

$109.95 

SP144VD 

144-148 

<1.6 

15 

0 

DGFET 

$59.95 

SP144VDA 

144-148 

<1.1 

15 

0 

DGFET 

$67.95 

SP144VDG 

144-148 

<0,55 

24 

+ 12 

GaAsFET 

S 109.95 

SP220VD 

220-225 

<1.9 

15 

0 

DGFET 

$59.95 

SP220VDA 

220-225 

<1.3 

15 

0 

DGFET 

$87.95 

SP220VDG 

220*225 

<0.55 

20 

+ 12 

GaAsFET 

$109.95 

SP432VD 

420-450 

<1.9 

15 

-20 

Bipolar 

$82.95 

SP432VDA 

420-450 

<1.2 

17 

-20 

Bipolar 

$79.95 

SP432VDG 

420-450 

<0.55 

16 

+ 12 

GaAsFET 

S 109.95 
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shaped power iransistors. The pack¬ 
age in fig. 6A is the TO-220 (once also 
called "P-66”) and is common in small, 
low- to medium-powered audio appli¬ 
cations and most car radios. Two ad¬ 
ditional tab-mounted plastic power 
transistors are shown in figs. 6B and 
6C. Finally, the device shown in fig. 
6D represents a class of Motorola 
power transistors that are not tab- 
mounted, but instead have a mount¬ 
ing hole through the body of the tran¬ 
sistor. 

Figure 7 shows how a plastic, tab- 
mounted TO-220 power transistor can 
replace a TO-3 power transistor. The 
center terminal (collector) is cut off the 
TO-220; it won't be needed because 
the tab mount is also connected to the 
collector. The base and emitter leads 
are bent down and the mounting 
screw is passed through the tab hole 
into the original mounting hole for the 
TO-3 transistor. 

conclusion 

Ideally, when a replacement transis¬ 
tor is needed we’ll have an original 
from the manufacturer of our rigs on 
hand or easily available. But some¬ 
times we're either unable to obtain 
such a transistor or the cost is prohibi¬ 
tive. In such cases we can usually 
make an educated guess at a proper 
replacement type. 
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matching linears 
to transceivers 
on 10-15 meters 

Grounded grid linear amplifiers 

don't always present a perfect 50-ohm 
resistive input for the transceiver. And 
long leads from the transceiver some¬ 
times present a reactive load on the 10- 
and 15-meter bands. What happens? 
The transceiver goes into self-oscilla¬ 
tion when the amplifier is driven. 

To solve this problem I first tried 
a transmatch, but it didn't work be¬ 
cause of the difficulty of obtaining 
short leads. An "L" network didn't 
work, either. 

But the "T" match (fig. 1), with its 
short leads, worked the first time. The 
transceiver loaded up to full power, 
driving the linear with no ensuing os¬ 
cillations. I was delighted with the 
results. 

The matcher was built in a small 
LMB Flange Lock Box (No. EL532), 
measuring 514 x 3 x 2'/i inches (fig. 
2). With the capacitor bolted to the 
front panel and the two input and out¬ 
put BNC coax fittings on the back, 
leads were kept short. The capacitor 
should tune 10 meters with a 50 pF set¬ 
ting and adjustment coil. For 15 meters 
I just increased the setting to about 70 
pF. The SWR dipped 1:1 without any 
switching or shorting out turns for 10 
meters. I could cover both bands. 

Calculations would show about 50 
pF for 15 meters and 45 pF for 10 
meters, adjusting the coil for that 
value. However, I don't find this 
necessary. 

Ed Marriner, W6XM 
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coupling to a GG linear 

Some of the grounded linear ampli¬ 
fiers, especially home brew jobs, capac¬ 
ity couple directly into the filament R FC 



through a coupling capacitor. Generally 
the coax link is rather long; the driver 
transceiver has to work a lot harder than 
necessary to make up tor the loss in mis¬ 
match. A3-500Z, for example, hasan in¬ 
put of about 150 ohms. 

A simple matching device to match 
the output of the transceiver to 150 
ohms is a pi-network. Many handbooks 
show a pi-network using fixed capaci¬ 
tors. I found being able to vary the capa¬ 
citors made it easier to match. Fig. 3. 
shows a network I used for matching a 
Swan 350B 50-ohm output to a 3-500Z 
150 input. 

The unit was constructed in a small 
box and inserted in the coax line to the 
amplifier. The capacitors were small 
0-400 pF B DC type, and did not arc over. 
The coil can be either five turns of Air- 
dux #806 or five turns of No. 14 AWG 


line regulator 

It's often desirable to adjust the 
120-volt AC line voltage if you're us¬ 
ing a computer or other equipment 
that won't tolerate high or low line 
voltage. 

Although line voltage could be vari¬ 
ed with a large variac, there is a way 
to do this inexpensively — through a 
system called "line bucking" — using 
a small variac and a filament trans¬ 
former (fig. 4). 

In line bucking, a 120-volt line runs 
through the low voltage secondary of 
a filament transformer. This winding 
must carry the current of whatever 
you're drawing with your equipment. 


I used a 10-ampere, 5-volt filament 
transformer. 

By varying the voltage on the pri¬ 
mary side, you can add or subtract on 
the secondary. I used a surplus Gener¬ 
al Radio 200-B 2-ampere variac to per¬ 
form this operation. By varying the 
arm on the variac I can adjust the line 
voltage by several volts plus or minus 
I bring my 127-volt line down to 120 
volts very nicely and don't have to 
worry about burning out my equip¬ 
ment. 

The project is well worth the effort 
required to locate parts. I found mine 
— for less than $10 — at a radio swap 
meet and surplus store. 

Ed Marriner. W6XM 



wire wound six turns per inch on a 
3/4-inch coil form. It takes very little in¬ 
ductance for 15 meters. 

First I loaded the Swan 350B into a 50- 
ohm load. I then fed a signal into the am¬ 
plifier and adjusted both capacitors for 
maximum output. Next, the loading ca¬ 
pacitor on the Swan 350B was adjusted 
slightly for maximum output again on 
the linear. I found it took a lot lessdrive 
from the350B to drive the linear over the 
old method, without a matching device. 
It's worth the effort to build one for each 
band if necessary. The received signal 
has to come through this network, but 
it does not seem to cause any deteriora¬ 
tion in signal sensitivity. 

Ed Marriner, W6XM 
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an easy way to measure 
capacitance 


Like many hams, I have a can of capa¬ 
citors whose values are either unmarked 
or marked in a code I don't understand. 
I use a simple method to measure their 
values. 

The equipment required is modest: all 
you need is a signal generator, a fre¬ 
quency counter (if you don't have one, 
use the frequencies indicated on the sig¬ 
nal generator) and an indicating meter 
together with a few resistors, capaci¬ 
tors, and diodes. The signal generator 
should cover the audio and low radio 
frequencies. The indicating meter can 
beaVOM. 

Figure 5 shows the basic circuit. A sig¬ 
nal from the generator is applied to a 
known resistance, R, connected in ser¬ 
ies with the unknown capacitor, C. The 
frequency of the signal is adjusted so 
that the RMS voltage across the 
resistance and the capacitance are 
equal as measured by two voltmeters. 
Vac. Then, 


X c 



( 1 ) 


where: 

Xc = reactance of the capacitor, ohms 
f = frequencyoftheappliedsignal, Hz 
C = capacitance. Farads 
R = resistance, ohms 
After some calculations I chose R to 
belOOOohms. Rearrangingeqn.1, sub¬ 
stituting 1000 for the value of R, and 
changing a constant so that C is now in 
nF, we have: 


C = 


159.15 
f 


12 ) 


Figure 6 illustrates the actual circuit 
I used. Instead of measuring the AC vol¬ 
tage across the resistance and the capa¬ 
citance, the AC is rectified by each of 
the two diodes and used to charge the 
two4-nF capacitors. The resulting DC 
then is measured by a voltmeter that's 
connected as indicated. 

Accuracy of the results will depend 
on the actual value of the known resis¬ 
tance, R, and your ability to determine 
the frequency of the applied signal. Use 
a high-tolerance resistor or measure it 
and substitute theactual value into eqn. 
1. The values of the other resistors and 
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fig. 6. Simple circuit uses just one DC voltmeter. 


capacitors aren't critical. The diodes can 
be any signal diodes. 

operation 

The unknown capacitor is connected 





fig. 5. Equal voltage drops indicate equal 
resistance/reactance values. 


and a signal from the generator is ap¬ 
plied to the circuit. The frequency of the 
signal is adjusted so that the output as 
indicated by the DC voltmeter is zero. 
The frequency of the applied signal is 
noted (or measured if you have a fre¬ 
quency counter) and the ca pacitance is 
calculated from eqn. 2. 

For the DC voltmeter, I used a zero- 


center meter I happened to have. If you 
don't have such a meter, use an ordinary 
DC voltmeter and connect the polarity 
of the meter as required. Remember 
that when you measure a capacitor, the 
DC output voltage will be of one polari¬ 
ty when the frequency of the signal 
generator is too low and of the opposite 
polarity when the frequency is too high. 
You could add a polarity-reversing 
switch for the meter or use the bridge ar¬ 
rangement shown in fig. 7, although 
this scheme would broaden the fre¬ 
quency range for the zero-voltage indi- 
cation somewhat because of the 
voltage drop across the bridge diodes. 



Table 1. Measurements of known capacitors. 


Nominal 

Zero-voltage 

Calculated 

capacitance,?iF 

output frequency. Hz 

capacitance,/<F 

0.05 

3305 

0.048154 

0.02 

8509 

0.018704 

0.01 

15,761 

0.010098 

0.005 

32,404 

0.004911 

0.002 

82,875 

0.001920 

0.001 

168,915 

0.000942 

0.000510 

317,853 

0.000501 

0.000470 

358,631 

0.000444 

0.000330 

498,930 

0.000319 
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CJ-C5 0 1 ,:F. SO-volt mylar or ceramic 
C6 ,C7 2000,iF electrolytic, 12-volt 

C8, C9 1500 pF feedthrough capacitor 
CFH.CR2 1N4001 diode 
FI 0 5 amp 3AQ fuse 

2 ,.H variable slug-tuned inductor 
Ik. 1/4 watt carbon. 5 percent 
Sk carbon pot . 1/4 watt or higher 
30k, 1/4 watt carbon. 5 percent 
75 ohm. 1/4 watt carbon 5 percent 
2 7 ohm. 1/4 watt carbon. 5 percent 
50 ohm, 1/4 watt carbon 5 percent 
1 kilohm. 1/4 watt carbon. 5 percent 
Single-pole, single-throw toggle switch 
12-volt CT. 100 mA or higher 

OFI model 9804 (Optoelectronics Inc., P.O. Bot 11140 
Tucson, Arizona 85734) or Fairchild ,.A175 


L1.L2 


R4 

RS 

R6. R7 


S1.S2 


fig. 8TRS-80 to video interface schematic. 


performance 

I built the circuit shown in fig. 6 and 
checked it using some 5-percent toler¬ 
ance capacitors. Table 1 shows the 
nominal value of those capacitors, the 
frequencies at which I obtained zero- 
output voltage, and the calculated 
values of the capacitors using eqn. 2. 
The calculated values of capacitance 
are in good agreement with the nominal 
values. I didn't have any 5-percent capa¬ 
citors la rger tha n 0.05 /t F, bu t the system 
should work well with larger capacitors. 
From eqn. 2, if your signal generator 
goes down to 100 Hz, you can measure 
capacitors as large as 1.59 jiF. If a 
smaller value of Ft is used, even larger 
capacitors can be measured. 

For my tests I used a Hewlett-Packard 
model 200-CD signal generator and a 
Heathkit model 2410 frequency 
counter. 

A word of caution: this method meas¬ 
ures the impedance of an unknown. For 
a capacitance, with the exception of 
electrolytics, the impedance is nearly 
the same as the reactance. However, 
this is not true for an inductance. You 
can measure the impedance of an in¬ 
ductance with this method — but unless 
you know the AC resistance of the in 
ductance, you can't determine the L 
value of the inductor. The AC resistance 
is different from the DC resistance, so a 
measurement made with an ohmmeter 
won't solve that problem. 

H.H. Hunter. W8TYX 


TRS-80C to video monitor 
interface 

This article describes a video ampli¬ 
fier-filter used in conjunction with a Ra¬ 
dio Shack Color Computer and a video 
monitor. 

Severe R FI from my radio transmitter 
into a television set used as a monitor 
convinced me to try a number of possi¬ 
ble solutions. A low-pass filter at the 
transmitter output along with a high- 
pass filter at the input to the television 


set minimized the RFI somewhat, but 
not enough to call it a cure. I then decid¬ 
ed to buy a black and white video moni¬ 
tor and use the direct video approach. 
Much better character resolution is also 
achieved by this method. 

My first thought was to use a wide 
bandwidth operational amplifier with a 
gain setting high enough to produce a 
standard composite video amplitude of 
1 volt peak-to-peak. The output signal 
from the op amp is then applied to a 
black and white or color monitor. Fig¬ 
ures shows an OEImodel9804 op-amp; 
however, any op-amp with a bandwidth 
of 30 MHz or higher should work well. 
Inputto U1 is connected to U12, pin 12 
in the TR S-80C. This point can be found 
at resistor R16 (3.9 k), located at the rear 
and center of the computer printed cir¬ 
cuit board (component side up). 

Connect the left-hand lead of the re¬ 
sistor to the input of U1 with miniature 


coax and ground the shield of the coax 
to the ground plane of the circuit board 
housing U1. Amplifier gain is set by 
adjusting R2. A simple alignment ap¬ 
proach is to adjust the monitor contrast 
control for maximum contrast. R2 is 
then adjusted until the black and white 
picture has attained proper contrast and 
the sync pulses are not overloading the 
monitor. If a scope is available the op- 
amp output can be monitored until 1 volt 
peak-to-peak is observed. 

A problem develops with the color 
signal from the computer driving a black 
and white monitor. The color burst sig¬ 
nal riding on the composite video signal 
distorts the displayed characters ob¬ 
served on the screen. I solved the prob¬ 
lem by installing a notch filter at the 
output of the op-amp tuned to the3.58- 
MHz color burst frequency. While ob¬ 
serving the monitor screen, adjust LI 
until the characters look the best (you 
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should see sharp corners with no over¬ 
shoot or smearing). Again, ifascopeis 
available, LI can be adjusted until the 
color burst disappears. The color burst 
will be seen as a burst of RF sinewaves 
after the horizontal sync pulse. If a color 
monitor is used the notch filter can be 
eliminated or switched out of the circuit 
as shown in fig. 8. 

Approximately 40 m A is drawn from 
the op-amp so the power supply can be 
very simple in design. Anyjunkbox 12- 
volt center-tapped transformer can be 
used. 

construction 

I built the op-amp circuit on a perfor¬ 
ated ground plane circuit board and 
enclosed it in a well-shielded aluminum 
box (very important for RFI elimination). 
The box should be thin enough to fit 
inside the computer enclosure under¬ 
neath the top cover. I also installed the 
power supply inside the computer en¬ 
closure. The power supply parts were 
installed on the metal cover inside the 
computer (top side). Connect feed¬ 
through caps (1500 pF) onto the video 
circuit box in series with each power 
supply voltage lead. This will bypass the 
small amount of remaining R F from the 
transmitter into the video amplifier en¬ 
closure. Use miniature coax (RG174) 
between the output of the amplifier and 
the video monitor. 

The results from this effort were very 
rewarding in that I can now run a kilo¬ 
watt input from the transmitter with a 
clean screen. Character resolution was 
improved markedly because the maxi¬ 
mum bandwidth of the monitor is real¬ 
ized. This is especially true with a black 
and white monitor such as mine, which 
has an 8 MHz bandwidth. 

DonKadish. WIOER 

some thoughts 
on quad construction 

Overthe years, the quadantenna — 
frequently in the form of a three-band 
unit for 10, 15, and 20 meters — has 
been used extensively by Amateurs. It's 
a compact antenna that offers good per¬ 
formance. 


spreaders 

The quad's ability to survive strong 
winds depends largely upon the spread¬ 
ers and how they're attached to the 
boom. The cast aluminum type of 
spider mounting on the boom is light¬ 
weight and relatively inexpensive, but 
may crack under wind stress. In an 
attempt to overcome this problem, I 
began, about20 years ago, tousenylon 
monofilament asa means of reinforcing 
the spreaders (fig. 9). This method of 
reinforcement has been quite suc¬ 
cessful. 

When the last major typhoon hit 
Manilain 1970, damage was extensive. 
Many houses, power and telephone 
utility poles, and main distribution lines 
were blown down. Most of the city was 
without power for two weeks. One of 
my antennas wasa multi-band quad and 
delta system, with a total boom length 
of 50 feet, mounted atop a self-support¬ 
ing 75-foot tower. The boom had a two- 
element 40-meter quad, a three-ele¬ 
ment 20-meter quad, a four-element 
15-meter delta loop above the boom, 
and a five-element 10-meter delta loop 
belowtheboom. The largest antenna — 
which consisted of the 40 meter quad, 
the reflector of the 20-meter quad, and 
the director of the 20-meter quad — 
measu red about 28 feet across. The rest 
of the boom was the bow sprit, where 
the antenna stays were attached. While 
one might not expect such a structure 
to survive a typhoon, the only signifi¬ 
cant damage was that the 2-inch solid 
steel shaft on which the boom was 
mounted was badly bent at the point at 
which it entered the retaining bearing at 
the top of the tower. The prop-pitch ro¬ 
tator, set about 5 feet lower, suffered no 
harm. There wasa crack, however, in 
one of the 40-meter spreaders, which 
were made of the best material obtaina¬ 
ble — phenolic resin molded with 
fiberglass. 

Although I'd used 200-pound mono¬ 
filament fishing line to reinforce the 
spreaders of this antenna, a less elab¬ 
orate antenna, such as two- or three- 
element 20-meter quad, need not use 
anything heavier than line rated at 150 


pounds. In such cases, the boom exten¬ 
sion doesn't need to be quite as strong 
as the boom itself; the most practical 
thing to do is use the next smaller size of 
tubing — preferably about the same 
length as the quad spreaders them¬ 
selves — so as to make a snug fit in the 
main boom. All assembly work should 
be done on the ground to make sure that 
all stays are of equal length, type, and 
shape. This means that the boom will 
have to be placed on an improvised saw¬ 
horse about 12 feet off the ground (for 
a 10-, 15-, and 20-meter antenna), so 
that the antenna and boom assembly 
can be rotated axially to provide access 
to all spreaders. 

home-brewed spreaders 

Hams in third-world countries may 
have difficulty finding spreaders; if they 
can be located, the cost of shipping may 
be prohibitive. Ordinary PVC pipe is now 
available almost anywhere, however, 
and can be used successfully. 

There's a problem with PVC pipe, 
however. Even in the thicker wall sizes, 
it's too flexible and must be reinforced 
for rigidity. One way to do this is to 
obtain a piece of straight-grained lum¬ 
ber as long as the spreader and split it 
lengthwise into several square pieces 
whose dimension across the flats is 
slightly greater than the inner diameter 
of the tubing, using knives and coarse 
sandpaper to bring each to the correct 
dimension. One could also use a lathe. 

After preparing the wood, it should 
be treated with preservative, allowed to 
dry thoroughly, and then inserted into 
the PVC pipe. Seal the ends with epoxy 
to keep moisture out, (It's a good idea 
to keep the wood slightly shorter than 
the pipe (perhaps one-fourth inch over¬ 
all) to allow for this layer of epoxy.) 

This type of spreader has been suc¬ 
cessfully used here in the Philippines. 
We find it will greatly outlast bamboo; 
it's also stronger. And while it may not 
compare with the best pressure-molded 
phenolic fiberglass, it costs much less. 
It does weigh more, but not as much as 
one might assume. 

-Wl 
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selecting wire 

Using insulated wire in a quad would 
result in unexpected difficulty in 
resonating the antenna. This is because 
the velocity of propagation is slower in 
insulated wire than in uninsulated wire 
in air. 

It's possible to use magnet wire, 
which doesn't have this problem be¬ 
cause its very thin coating has little ef¬ 
fect. Older types of magnet wire may 
crack in the sun, but newer types, coat¬ 
ed with tougher enamels, offer greater 
protection against corrosion and are 
more durable. 

The ideal wire would be small- 
diameter copperweld such as 18 AWG, 
which has greater breaking strength 
than ordinary copper wire of larger di¬ 
ameter. I don't know of a source of en¬ 
amel copperweld, but considering the 
advantages of copperweld — even 
withoutenamel I would prefer to use 
it rather than any other material. 
Though it's more difficult to handle, less 
wind resistance and greater strength 
mean that there's less chance of dam¬ 
age from vibration in heavy winds. 

Plated electric fence wire is even 
cheaper than copperweld and is strong 
and durable. It can be used on quads, al¬ 
though not in high-power applications. 

weatherproofing 

When putting up yourcoax, takepar 
ticular care to protect the ends of the 
coax from moisture by using protective 
materials (for example, Coax Seal'**). 
To make your antenna look more 
balanced to the transmission line, con¬ 
vert a section of the coax near the joint 
with the antenna, into a choke, winding 
the coax around a ferrite rod. The hand¬ 
books and various magazine articles 
have covered this subject; it costs little 
and will reduce susceptibility to noise 
with vertical polarization. If you use a 
two-element, three-band quad, you 
would probably find thata 75-ohm cable 
will give a better overall SWR than a 
50-ohm cable, and for the same loss or 
power handling capacity, cost a bit less. 

installation and adjustment 

One of the serious problems of put¬ 


ting up a beam antenna is the difficulty 
in adjusting the antenna near the 
ground, whether it's a quad or Yagi. If 
one has a four-legged, self-supporting 
tower such as mine, the solution is easy 
— simply build a temporary scaffold 
(with a railing) extending out from the 
tower at the level necessary for working 
on the boom out to the farthest element. 
For other types of masts, you'll have to 
find your own solution, for the true 
tuning-up must be done on the spot. 

Earl H. Hornbostel, DU1AE 
Manila, Philippines 

audio switcher 
for mobile operation 

I don't know about you, but I have a 
very annoying problem. Even though 
blessed with two ears, I can't seem to 
really listen to more than one thing at a 
time. And, sad to say, the problem 
seems to be growing worse with age! 
Lately it seems that all the cocktail-party 
conversations and the rare DX seem to 
get mangled and mauled by QRM. 

The problem was especially acute on 
the road while scanning the repeaters 
and trying to listen to the stereo at the 
same time. No amount of fiddling with 
the volume controls would produce the 
right result, and I wasalways lurching to 
turn down the stereo volume before 
pressing the PTT, which I usually 
squeezed instinctively. I'd be driving 
along the highway, shouting into the 
mic and groping for the stereo's volume 
control. 

solving the problem 

The circuit shown switches the car's 
speakers from the stereo to the rig 
whenever the PTT is pressed or when 
ever the rig's squelch is opened. Neither 
the rig nor the stereo has to be modified. 
Compact enough to fit into any small 
space, the circuit can be built and in¬ 
stalled in a day. Parts selection is neither 
critical nor costly. Everything you need 
is probably right there in your junk box; 
even if you were to purchase all new 
parts, their cost should not exceed $15 
to $20. 

Before beginning construction, 
check to make sure that your stereo has 


four "hot" speaker leads and a common 
ground. Some stereo systems — 
Sanyo, for example — use a "matrixed" 
speaker output consisting of four speak¬ 
er leads with no common ground. I 
know of no way around this except to 
use the phone or amplifier outputs and 
an external amplifier with the normal 
four "hot" channel outputs and one 
common ground. 

The circuit shown in fig. 10 consists 
of a quad op amp, two transistors, a re¬ 
lay, and a few resistors and capacitors. 
Construction techniques aren’t partic¬ 
ularly demanding. I pushed the parts 
through perf board and just soldered the 
component leads together (fig. 11). The 



fig. 11 Simple perf board construction pro 
vides quick results. 

relay was hot glued to the perfboard 
and the completed unit was installed in 
a hinged plastic box that had once held 
standard-size staples. (A DIP socket 
was used for the op amp for develop¬ 
ment purposes, but it isn't necessary.) 

operation 

Audio output from the rig is fed into 
two successive stages of the LM324 op 
amp, where it's amplified and effective¬ 
ly clipped at a 12-VDC signal level. 
Capacitor Cl and variable resistor R1 de¬ 
termine the time constant for signal de¬ 
cay. This acts like a VOX delay to 
prevent relay dropout between words or 
pauses in the conversation. An addi¬ 
tional op amp stage sharpens the signal 
and acts as a buffer. The signal is then 
fed into a 2N2222 PNP or equivalent 
transistor which drives the4PDT relay. 
This relay switches all four speaker leads 
from the normal stereo position to the 
rig's audio output. The 1N4004 diode 
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RIG AUDIO INPUT 


RIG PTT INPUT 

O- 

IONO ON TXl 




UI-LM324, TIC 274 
KI-I2VDC DPOT RELAY 


IN4004 


FUSE 

l/PA 


SWITCHED +12/ FROM 
RIG OR BATTERY 

(MUST BE OFF WHEN RIG IS OFF) 


Notes: 

U1 LM324, TLC274 
quad op amp 
K1 12VDC DPDT relay 
R v Delays dropout of 
K1 and prevents 
"chatter" between words. 
Layout and component 
selections are not critical. 

All resistors are ’/« watt. 




fig. 10. Audio switcher: layout and component choices are not critical. 


shuntsany harmful spikes when the re¬ 
lay opens. Sensitivity is high enough so 
that almost any audible output from the 
rig will operate the relay and switch the 
speakers from stereo to rig audio. The 
fourth op amp in the package is used to 
drive a 2N3906 N PN (or equivalent) tran¬ 
sistor to pull in the relay when the PTT 
switch is pressed. This mutes the stereo 
system while you're talking into the 
microphone. Use of switch SI is option¬ 
al. It's normally used in the open posi¬ 
tion; when it's closed, it locks in the relay 
and the speakers are connected to the 
rig'saudio output only. This may be use¬ 
ful under marginal receive conditions, 
but I usually just turn the rig off. 

No tweaking or alignment is neces¬ 
sary after construction. However, you 


should double-check all wiring, solder 
joints, etc. If you've installed a socket 
for the op amp, leave it empty while you 
check relay operation and voltages. 
Check pin 4 for a nominal + 12 VDC. 
Ground the transistor side of the relay 
coil and see if it actuates. If it's working 
up to this point, plug in the op amp and 
proceed. If not, double-check every¬ 
thing again. 

Once everything is operating to your 
satisfaction, enclose it all in a small plas¬ 
tic case. At approximately 1 x 1.5 x 4 
inches, my board fit into the staple box 
neatly, without movement. I placed a 
piece of non-conducting foam under¬ 
neath the board and concealed the unit 
behind the ashtray above the radios. If 
space is a problem, you could, with a lit¬ 


tle effort, reduce the size of the board by 
at least 50 percent. 

Operation is very simple. The only 
"set once and forget" adjustment is R1, 
which should be adjusted just as you 
would any VOX delay circuit. Listen to 
a few typical QSOs on the rig and adjust 
the resistance until the relay stops 
dropping out between words. That's all 
there is to it. 

Some additional ideas came to mind 
after I built this nifty little circuit. One is 
to use some form of sol id-state switch- 
ing if relay noise becomes bother¬ 
some.Those running a "full house" of 
VHF, HF, scanners, and such may want 
to add a digital voting scheme. This 
would require a much costlier and com¬ 
plex circuit, however. 
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I've been using this circuit for sever¬ 
al months. It's indeed a pleasure to listen 
to one radio at a time and to enjoy com¬ 
plete silence when keying the micro¬ 
phone button. 

Emile F. Alline, Jr., NE5S 

simple 1C function 
generator 

The Exar XR-2206 is a widely available 
1C function generator (see fig. 12). The 
VCO frequency is controlled by the cur¬ 
rent drawn from either pin 7 or 8. Three 
volts is applied as bias on pins 7 and 8. 
Frequency of oscillation is given by: 

f<Hz) = 320 ' l < mA > 

CfuFJ 

where / is the current drawn at pin 7 or 
8 and C is the value of a capacitor placed 
across pins 5 and 6. 

A typical method of varying the fre¬ 
quency is to place a potentiometer be¬ 
tween pin 7 and ground. The frequency 
of oscillation now becomes 
320 >3 
J ~ CR 

where R is the value of the pot. The fre¬ 
quency of oscillation is proportional to 
the inverse of the pot's resistance. If 
the pot has a linear taper, most of the 
frequency change takes place at the end 
of rotation. A better frequency control 
scheme is needed. 

A solution is the voltage-to-current 
converter. A basic V to I converter is 
shown in fig. 13. The improved fre¬ 
quency control is shown in fig. 14. 

The 2k turn pot has a maximum vol¬ 
tage range of about 2 volts and the V to 
I converter has a "gain" of IV to 1mA 
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so that the maximum current drawn 
from pin 7 is about 2 mA. Exar says that 
current drawn from pin 7 or8 should be 
less than 3 mA. 

The Op amp is supplied with -4.5 
volts to allow full-range operation down 
to OV input. The - 4.5 volts is supplied 
by an ICL 7660 voltage converter chip. 
The schematic is shown in fig. 15. 


The 35 /<F capacitor on the output 
provides extra filtering to reduce voltage 
variations to the V to I converter. 

The results have been pleasing. 
Figure 16 is a graph showing frequen¬ 
cy versus pot rotation. 

Thomas A. Keely 


Yaesu FT707 DC 
power cable 

Just a word of caution if you plan to 
make your own DC power cable for the 
Yaesu FT707 using off-lhe-shelf, four- 
contact Jones plugs. The pin number¬ 
ing syslem of the Yaesu plug is differ¬ 
ent from that of the off-the-shelf plugs. 
On the Yaesu, pins 1 and 2 (horizontal 
blades) have a jumper, pin 3 is positive, 
and pin 4 is negative. On the off-the- 
shelf Jones plug, pins 1 and 3 should 
have ihe jumper, pin 2 is positive, and 
pin 4 is negative. 

Jerome M. Havel. W2RRX 
ham radio 


40m Phased Array 
—the Easy Way! 



■ Change direction instantly 

■ High F/B, adjustable phasing 

■ Low SWR over entire 40m band 

■ Just 2 dipoles gives 4 db gain 

tf- 11Q qc Also available w>ih matched ^ n* 
«J>M£7.c 7*_> di|>o*tfS and feed lines 

Chock, MO, VISA, M/C 
Can or Wriie /or Complete Catalog. 

1ET Antennas, Larsen, Hy-Gain, 
Alpha Delta, etc. 

sUCfcoNics 

1587 U.S. 68 N Xenia, OH 45385 
(513)375-2700 



DIGITREX 

Division of NCI 

10073 N. Mary Ann, Northville, Ml 48167 
(313)348*7313 
WEST COAST DISTRIBUTOR 

R. LUKASZEWICZ 

20610 ALAMINOS DRIVE SAUGUS, CA 91350 
(805) 252-6021 


WACOM 

DUPLEXERS 


Our Exclusive Bandpass-Reject Duptoxors 
With Our Patented 

B„ B r CIRCUIT® FILTERS 

P vT -t 

230 


provide superior 
performance 
especially at close 
frequency separation 

Models available far 
all commercial anil 
ham bands within the 
frequency range ol 30 
to 960 MH7 
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817/848-4435 


o 


WACOM 

PRODUCTS. INC. 


P.O. BOX 21145 

WACO. TEXAS 76702 • 817/848-4435 
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DX FORECASTER 

Garth Stonehocker, K0RYW 


antenna-to-ionospheric 
path match 

Up North, October is probably your 
last chance to work on your antennas 
before winter and the contest season 
begin in earnest. Winds and tempera¬ 
ture changes can take their toll. If your 
antennas and towers haven't been 
checked recently, hardware needs to be 
tightened and wires checked for cracks 
or worn places. 

How have your antennas been per¬ 
forming? Perhapsa differentantenna or 
configuration might be in order. At this 
point of the sunspot cycle, emphasis is 
now on the lower bands. What improve¬ 
ments could you incorporate to en¬ 
hance your signal to your favorite DXing 
area? 

Re-read K2RR's article, "Secrets of 
Successful Low-Band Operation (ham 
radio. May and June, 1986). Might there 
be something in it that would help im¬ 
prove your signal — analyzing your 
ground reflection areas, for example? 

In January, 1985 I presented 
HORANT, a short computer program, 
written in BASIC, designed to provide 
the elevation angle, take-off angle, and 
the lobes of maximum radiation from a 
horizontal antenna mounted a selected 
height above ground for specific fre¬ 
quencies. I've since found that adding 
two lines to each of four places will also 
provide the ground reflection distance 
(associated with each lobe) away from 
the antenna feedpoint. A revised ver¬ 
sion of HORANT is listed in fig. 1.* 

In part two of his article, K2RR point¬ 
ed out (in table 10) that the quality of 
this reflection was the crux of the com¬ 
parison of the efficiency of low horizon¬ 
tal antennas and verticals under poor 
ground conditions. Some horizontal an¬ 
tennas were able to provide more signal 


at the identical angle under poor soil 
conditions. HORANT can determine 
where your ground reflection point is 
and the take-off angle for comparison to 
the required radiation angle for your 
ionospheric path to your DX. (The lat¬ 
ter angle can be found by using the 
modification of the MINIMUF 3.5 pro¬ 
gram or table 1 of February, 1985’s"DX 
Forecaster.") 

After analyzing your ground reflec¬ 
tion condition, there are a couple of 
things you can do to improve the situa¬ 
tion. You canalterthe reflection condi¬ 
tion by soil management (add more 
radials or ground screen) or move the 
antenna to a point at which the ground 
reflection location is better. Relating the 
take-off angle and ground reflection 


terms is called coupling the signal to the 
ionosphere. Doing this allows for the ef¬ 
ficient use of HF propagation, regard¬ 
less of whether you're interested in 
conveying information over long dis¬ 
tances or merely having some fun with 
DX. 

last-minute forecast 

Beginning with the first week of Octo¬ 
ber and continuing through the second 
and third weeks of the month, MUFsare 
expected to be lower. This will result in 
poorer conditions on the 10- through 
30-meter bands, making the lower 
bands — and nighttime conditions — 
more appropriate for DXing. During the 
fourth week, expect to see a return to 
better higher-band conditions until the 


10 REM PROGRAM HORANT, ANGLE $ DISTANCE 
20 Rl=180/3.141659 

SO PRINT "ANTENNA HEIGHT ABOVE GROUND IN FEET" 

40 INPUT HI 

50 PRINT "FREQUENCY IN MHz" 

60 INPUT FI 

70 REM CALCULATE A FULL. WAVELENGTH LI AT THIS FREQ 
80 L. 1=984 /FI 

90 REM CALCULATE FIRST LOBE ANGLE,A1 
100 A1 =ASN < I..1 / ( 4*H1 ) ) 

110 D1=H1/TAN(A1) 

120 A1=A1*R1 

130 PRINT "ANGLES OF MAXIMUM RADIATION FROM THIS ANTENNA 
140 PRINT 

ISO PRINT "FIRST LOBE ANGLE,DEG=".A1 

160 PRINT "DISTANCE TO GROUND REFLECTION IN FEET =",D1 
170 PRINT 

1.80 REM CALCULATE 2ND LOBE ANGLE , A2 
190 IF (4*H1) < <3*1.1 > THEN 420 
200 A2 = ASN < <3*Li ) / (4*H1) ) 

210 D2-H1/TAN<A2) 

220 a2=A2*R1 

230 PRINT "SECOND LOBE. ANGLE IN DEG =",A2 
240 PRINT "DISTANCE TO GROUND REFLECTION-",D2 
250 PRINT 

260 REM CALCULATE THIRD LOBE ANGLE,A3 
270 IF <4*H1) • I <H*L 1 > THEN 420 
280 A3--ASN ( (S*L 1 ) / (4*H1 ) .' 

290 D3--H1 / I'AN (A3 ) 

300 A3=A3*R1 

310 PRINT "THIRD LOBE ANGLE IN DEG-",A3 

320 PRINT "DISTANCE TO GROUND REFLECT ION-",D3 

330 PRINT 

340 REM CALCULATE. FOURTH LOBE ANGLE, A4 
350 IP (4 * H1 > :.(/*!_ 1 ) T HEN 420 
360 A4-ASN(( 7 *L1)/(4*H1)) 

3.70 D4-H1 / I AN < A4 > 

380 A4=A4*R1 

390 PRINT " FOURTH LUBE ANGLE IN DEG=“,A4 
400 PRINT "DISTANCE TO (3R0UND REFLECT ION-",D4 
410 PRINT 

420 PR INT "NO(QT HER >SIGNIFICAN T LOBES" 

430 END 

fig. 1. HORANT Program helps determine takeoff angles and 
distances to associated ground reflection points (written for 
IBM 4341 in IBM BASIC/VS). 
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Look at next higher band for possible openings. 
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DOWN EAST MICROWAVE 
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• EME 
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• 1269 

• 1296 

• 2304 

• 2400 MHZ 

2345LY 
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loop Y.1QI 

1296 MHz 

20+ dBi 

S93 

2445LY 

45 nl 

loop Vagi 

1269 MHz 

20+ dBi 

$93 

1345LY 

45 Gl 

loop Yaai 

2304 MHz 

20+ dBi 

$80 

3333LY 33 81 loop Yap 902 MHz 

.iljim: antennas ate asst*niblu «1 and tested 

18.5 dBt 

$93 


Al aluminum ami stainless construction Kits also available 
Add $8 ($11 west nl Rockies) per antenna lor UPS shipping 
2 4 4 way power dividers, complete arrays available 
2316 PA Linear Amp tw in I8w mil 1296 MHz13.5 V $245 
2335 PA Linear Amo lOw in 36w onl 1296 MHz13.5 V S295 
include S5 lor UPS blue - 48 states 
,„Wrde about Trxmsvorlors and GnAs Pet preamps 
Free calnlng 

DOWN EAST MICROWAVE 

Bill Olson. W3H01 

— Box 1655A, RFO 1. Burnham. ME 04922 
(207) 94B-3741 
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Save Time-Money with HAZER 

• Never climb your tower again witb this elevator 
system 

• Antenna nnd rotator mount on HA2ER, complete 
system trams tower in verttC'O upright position 

• Safety lock system on HAZER operates while 
raising-lowering & normal position Never can fall 

• Weight transferred directly lo tower. Winch cable 
used only lor raising & lowering Easy to install and 
use 

• Will support most antenna arrays 

• High quality materials & workmanship. 

• Salety - speed - convenience - smooth 
travel - inexpensive 

• Complete ktl includes winch, tOO ft of 
cable, hardwareand instructions For Rohn 
25 G T ower 

Hum 2 Heavy duty alum ,12 sq It load J297.00 pptl. 

Ha/ftr 3-Standard alum 8 sq II load 213.00 ppd. 

Hazer 4 Heavy galv steel 16 sq It load 27B80 ppd 
Ball thrust bearing TB-25 for any ot above 42 50 ppd 

Salta taction guaranteed. Call today and charge to 
Visa or MasterCard 

Asan alternative, purchssefl Martin M*l3orM*i8 
aluminum lower engineered specifically for the 
HAZER system, or a truly sell-supporting stool 
tcwei Send for free details 


GLEN MARTIN ENGINEERING INC. 

P.O. Box H 253 BoonvilJe. Mo. 65233 

816-882-2734 
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Sub Problem? 
Contact Sue. She’ll 
fix it for you! 
(603) 878-1441 
Ham Radio 

Greenville, N. H. 03048 


end of the month; transequatorial open¬ 
ings associated with a disturbed geo¬ 
magnetic field from the 20th to 23rd may 
even be possible. Another period of dis¬ 
turbance may occur from the 5th to 7th. 
Because both of these disturbances are 
within the equinox season, they may 
have more effect than we've seen re¬ 
cently. Look for openings on east-west 
paths, with DX signals arriving from 
some unusual directions. 

The Orionids meteor shower will be 
visible from the 15th to 24th of October, 
with a maximum rate of between 10 to 
20 per hour on the 20th and 21 st of the 
month. A full moon will occur on the 
25th; perigee will take place on the 7th. 
An annular eclipse of the sun extending 
from Alaska lo northern South America 
begins on October 3 at 1657 UTC. It 
moves to the east, reaching Eastern 
Canada and Greenland by 2030 UTC, 
then ending at 2114 as it approaches 
Great Britain and Africa. 

band-by-band summary 

Ten, twelve, fifteen, and twenty 
meters provide many openings during 
the daytime. The higher bands will ex¬ 
perience shorter openings; these will 
occur around local noon mainly in a 
southerly direction. Fifteen meters is 
now only a transition band between 12 


and 20. Twentyisthe daytime band for 
the northern directions and transe¬ 
quatorial openings may occur in the 
evening. Distances may reach 2000 
miles per hopif antenna take-off angles 
are as low as 10 degrees. 

Thirty, forty, eighty, and one-sixty 
meters are all useful for nighttime DX. 
Thirty and 40 meters are the night fre¬ 
quencies for the east-west and north¬ 
ern directions and for distances of up 
to 1600 miles tivity. In these days of 
low solar activity, the MUFs can drop 
as low as the 80-meter band frequen¬ 
cies, resulting in higher propagated 
signal levels. These bands should be 
much quieter now that the thunder¬ 
storms have moved back down to the 
tropics. 

* To run this program on the Apple lie or lie. or on 
other machines lhat dorTl have an intrinsic ARC 
SIN (ASN) function, substitute the following lines. 
- Ed. 
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0X2JDS 

7.1(10 2340MHz. 0 8db nl 16<»HMH> 

$179 

MV144M 01 

H4 148MHz 11 5dli nl ?5tlb tj.un 

SI 79 

MV432S in 

430 440MHz fl Alb id 75ilti q.i.M 

SI 79 

MV 1296 5 

1?60 1300MHz 1 fklb id 15.11) tj.im 

S? 19 

new isa 

Smuenitef tor MV iireamm 

$79 

PA23J0 

I JOfiMlU Uhv solid r, 1 i«e PA 

$199 

PM1300A 

Inniunjlttui wilt otelt*) (2l).iv,v 3UW) 

$219 

m W IIHiH: lr.ii 

100MW 

$499 

EME ELECTRONIC 


HI 401) 

Hi pi iMi.ver relay. 144 2k* 432 1k* 

$119 

PA23I50 

12MMHZ ? Itilte PA 150 + W 

$369 

PA 1325 

330-1 MU. 1 lithe PA 75 + W 

$349 

WAIIMI UH 

432. 1296 2304 MHz 

$279 

PA23200 

1296MHz 3 tut)** PA 201) + W *a!H 


W.IUI 

Walt'! cohIu!-, bn 7C39 7289 



30X100 till 

$10 

TRANSVERTERS UNLIMITED 


nox r> 2 Hr> si a non a hams pt irits ivncmo 

rnRONln OMtAHlO <416)759 5562 


CAMARA M5W 1P3 f V! MIMGS 
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Don’t buy from Hamtronics ... g 

Unless you want the best possible equipment ■ 
at the lowest possible price! ! ! ■ 


The "wheeler-dealer" is back and he's beating 
everyone else's "deals." 

We all know there's no such thing as a free lunch . . . 
so How Can We Do This? 

• We don’t run alot of ads featuring sale items 

• We don’t spend alot of money on full page ads 

• We don’t have sales on just the fastest selling 
products 

• We don’t short cut you on service. We are a factory 
warranty repair facility for everything we sell! 

• We don’t mail out free catalogs 

• We don’t have a free WATS number. 


You and every other Ham customer is paying for all 
these do-dads and sales gimicks. 

Hamtronics puts the savings into your pocket. 
Hamtronics guarantees to meet or beat any advertised 
price on every item we sell. 


Hamtronics Has It All! 


Let Hamtronics be your Ham Radio equipment dealer. 
We're celebrating our 35th year in the Ham business 
at the same location. 



NEW! 

products ■ 


software for ICOM 
repeaters 

Processor Concepts has announced its new 
RPS-1 repeater program lor the ICOM repealer 
series. The RPS-I software is a program writ¬ 
ten lor the ICOM repeater series that will add 
new features and custom programming to ICOM 
RP 1210s, RP 2010s, RP 3010s, or commercial 
repeaters. 

A direct EPROM replacement for the ICOM 
repealer controller memory chip, the RPS 1 sup¬ 
ports many new features such as two separate 
CW ID messages and enough memory to include 
a club name or city and stale. The CW ID is sent 
at the speed you request; the ID timer is 
programmable from 30 seconds lo 10 minutes. 
The timeout timer can he reset without waiting 
for the repealer transmitter lo drop out. A 
courtesy heep tone signals Ilia next user; the 
repealer slays on the air lor a smooth transition. 
Pro and post timeout CW warning messages 
keep users informed and reduce confusion dur¬ 
ing timeouts. 

The software is custom programmed for in 
dividual CW and liming requirements. A 
reprogramming service is also available. 

The RPS 1 software is priced al $74.00 plus 
$3.00 shipping. For information, contact Proces 
sor Concepts, P.0. Box 26023. Si. Paul, Min 
nesota 55126 

Circle #301 on Render Service Cnrd 


half-wave VHF Kulduckie™ 




A DIVISION OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE RD„ TREVOSE, PA 19047 
(215) 357-1400 




Larsen Electronics has announced a new half 
wave Kulduckie 1 ” potlable antenna, Model 
KD14 2M l-IW. The VHF antenna operalesal fre¬ 
quencies Irom 144 148 MH.? with a resonant half 
wave design that allows il lo lunclion indepen¬ 
dently of a ground plane. Its performance is said 
to equal that of a lull quarter wave on a perfect 
ground plane. The rigid impedance transformer 
al Hie base contributes to performance and adds 
extra strength. 

Finished in black chrome, the KD14 2M HW 
also telescopes, using internally shorted collaps 
ing joints. The unit extends to 41 inches lor oper¬ 
ation and collapses lo 7 3/4 inches. The antenna 
uses a special double spring BNC connector lo 
reduce wear in the female contact on lire radio. 

For details, conlacl Larsen Eleelronics, P.0. 
Box 1799, Vancouver. Washington 98668. 

Circle #302 on Reader Service Card. 

tone panel offers 
digital CTCSS 

Digital CTCSS is now available as an option 
on Communications Specialists* TP 38 Shared 
Repeater Tone Panel. The new option, called the 















TP DCS, is compatible with Motorola’s Digital 
Private Line,'" General Electric's Digital Chan 
nol Guard,’* and E.H. Johnson's Digital Call 
Guard.A TP 38 equipped with TP DCS allows 
up to 14 DCTCSS subscribers as well as 37 
CTCSS subscribers in a single repeater panel. 
Tone translation may he made from one 
DCTCSS code to any other DCTCSS code. 
Time and hit accumulation, remote access, and 
remote rlata retreival function are applicable to 
all DCTCSS subscribers. All DCTCSS codes be 
tween 000 and 777 Octal are available in normal 
or inverted polarity; squelch tail elimination is 
provided. 

The TP DCS is available as an option in new 
TP 38 Shared Repeater Panels or may he retrofit 
ted into existing TP 38s. Priced at $149.95, the 
TP DCS is in stock lot immediate shipment and 
is covered by a one year warranty. 

For information and a free catalog, contact 
Communications Specialists, Inc., 426 West Tab 
Avenue, Orange, California 92665 4296. 

Circle /303 on Reader Service Card. 

GaAsFET ATV down- 
converter 

A new GaAsFET ATV downconverler for file 
new33 cm (902 928 MFD) trend from P.C. Elec 
tronics featuresa dual gate GaAsFET in both the 
RF preamp and die mixer stage for low noise and 
wide dynamic range. A varicap VCO tunes the 
whole band down lo TV channel 3 (2 or 4 can also 
heuscdl. Total conversion gain is 1 25dB, more 
than enough to reach the noise Hoot with most TV 
sets (even if one wauls lo remote lire downenn 
verier at I he antenna logoi thumost sensitivity. I 



The new band will provide teliel lor ATVers in 
high population density areas plagued with inlet 
lerence front radar, geophysical survey locators, 
and other mode users in the 70 cm (420 450 MH/1 
band, Pat Is and equipment should he mor e avail 
able and less expensive in Ibis band than in the 
12 cm hand because of the proximity ot cellular 
and business- hand radios. Path loss is a lit tie less 
too. 

Model TVC-9G includes a wall mourned 
120 VAC to 12 VDC power supply. Just add an 
amentia, coax, and your TV set. Antenna input is 
a BNC connector, and the TV output is type F. The 
.shielded cabinet measures 4 X 2.5 X 7 inches. 

For those who want tomakethen own cabinet, 
the TVC 9 is available as a wired and tested hoard 
measuring 2 X4 inches. With the on hoard ingu 


The HF4B “Butterfly”TM 
A Compact Beam 
for 20-15-12-10 Meters 


•Unique design reduces size 
but not performance. i 

•No lossy traps; full / 

element radiates on M a 
all bands. / ' 

• Retrofit kit for / 

17 meters com- / 
ing soon. / *^^ 

•Turns wifh TV /i 
rotor IMJ M 

•Only 17 lbs. / / 


s 

/V) /Butternut 
Verticals 


/ / Butternut's HF 

! _ / verticals use 

// highest-Q tuning 
/ circuits (not lossy 
/ (j/ traps!) to outperform 
t / all multiband designs 
’ / of comparable size! 

Model HF6V 


#•80. 40. 30, 20 15 and 10 meters 
t automatic bandswitching 
f-Add-on kit lor 17 and t2 meters 
available now 
•26 II tall 

Model HF2V 


/& 

R/ 

T/ 


y ‘Designed lor the low-band O Xer 

• Automatic bandswilchmg on 80 and 
40 meters 

Add-on units lor 160 and 30 or 20 
meters 


32 feel tail - may be lop loaded lor 
additional bandwidth 


For more information see your 
dealer or write for a free brochure 


BUTTERNUT ELECTRONICS CO 


405 East Market 


Lockhart. Texas 786*14 


UP YOUR ERP 


^ 1 MAGNET MOUNTS 

I For HT owners operating Inside a vehicle and want- 

/ Ing Increased T/R range, RF PRODUCTS has the low 
i / cost solution. 

/ Remove your BNC anlenna from the HT and mount 

' / on the RF PRODUCTS BNC magnet mount. Install the 

/ magnet mount on the roof top and connect the BNC 

co-ax connector. 

The magnet mount (part no. 199-445) has 10 feet ot 
f small (5/323 co-ax with BNC conector attached. 

9 PRICE $15.95 M.O. or cashiers ck„ via UPS gnd. Fla. 

residents add 5% tax, lor air UPS add $3.25 

The RF PRODUCTS Magnet Mounts are one ot the few mounts available that can be repaired 
should the co-ax cable be damaged. The large surface area capacitance disc provides proper 
ground plane coupling for 1/4 and 5/8 wavelength VHF and UHF antennas. 

MODELS AVAILABLE WITH THE FOLLOWING CONNECTORS & CO-AX TYPES. 

ANTENNA CONNECTORS: BNC, TNC, 1 1/8* (MOT.), 5/16-24 STUD, 3/8-24 SOCKET. 

CO-AX CABLE: RG-122/U, RG-58A/U, mini 8X. 

TRANSCEIVER CONNECTORS: BNC, TNC, PL-259, type N. 


RF PRODUCTS 

P.O. Box 33. Rockledge. FL32955. U.S.A. (305)631 0775 
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lator, the power requirement can be anywhere 
from 11 to 18VDCat30mA. Aremovable 10-ktrim 
pot is used for frequency tuning. 

P. C. Electronics also offers a DC decoupler 
(Model DCD) and remote control box (Model 
DCBI for tuning and powering up through the 
channel-3 downconverter output. 

For more information, contact P.C. Electronics, 
2522 Paxson Lane, Arcadia, California 91006. 

Circle S304 on Reader Service Card. 


compact mobile 
radio mounts 

MX Equipment, Ltd. has announced the addi¬ 
tion of two new compact mobile radio mounts 
to its Mount 100 system. The additions bring the 
model count to four, which can handle all types 
of communications gear needed in mobile oper 
ations. Models MM1007 (7 inches) and 
MM10010 (10 inches) represent a new design 
that provides the user with a strong, adjustable 
two-radio mount that will fit in most vehicles. 
The mounts are constructed of welded steel fin¬ 
ished in satin black, with necessary hardware 
supplied. UPS shipping is included in the price 
of $79.50 for the smaller MMI007 and $84.50 for 
the larger MM10010. A free catalog and infor 
mation sheet are available from MX Equipment, 
Ltd.. P.O. Box 9, Oaklawn, Illinois 6U4b4. 

Circle /305 on Reader Service Card. 


coax lightning arresters 

New coax lightning arresters from Cushcraft 
feature fast-action gas discharge elements. Four 
models offer choices of 200-watt or 2-kw pow 
et handling and type N or UHF connectors. 
They're precisely manufactured to give very low 
insertion loss from 2 to 1000 MHx. Replacement 
cartridges are available. Dimensions are 3.5 x 
1.375 x 1.875 inch. 

For more information, contact Cushcraft Cor 
poration, P.O. Box 4680, Manchester, New 
Hampshire 03108.- 

Circle 7306 on Rouder Service Card. 


digital capacitance tester 

Mercer Electronics, a division of Simpson Elec 
trie Company, has introduced a new digital ca 
pacitance tester. The Model 9670 features nine 
ranges that will measure from 0.1 pF to 20,000 
,,F with 0.5 percent accuracy. 

Priced at $99, the Model 9670 has a 0.5 inch 
LCD display with over range and an "LO BAT” 
indication. The tester measures 6.85 x 3.54 x 1.42 
inches, weighs 3/4 pound and uses a standard 
9 volt battery. Convenient features include in 
put discharge protection, easy insert "cap lead" 
jacks, rnlnr ended test leads with alligator clips, 
a flame retardant plastic case with an acrylic win 
(low, and a tilt bail. 

For information write Mercer Electronics. 859 
Dundee Avenue, Elgin, Illinois 60120. 

Circle 7307 on Reader Service Card. 
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TELEWAVE'S "PROBLEM SOLVERS" 

Transmitter Combiners • Receiver Multicouplers 
• Monitor Equipment • Test Equipment • Ferrite 
Isolators and Terminations • High Q Cavities 
and Filters • Duplexers • Systems Engineering 


Bandpass, Pass-Reject 
& Notch Cavity Filters 


.lOj 


1 




Transmitter Combining 


IM Suppression Panels 


Receiver Multicoupling 



© 


R.F. Power Monitoring gi 

4 t 


- • r.ry: -J • * * 

Duplexers & Preselectors 


CSA Number 00K86AGS0G-16 


tSflelewave, Inc. T 

( 415 ) 968-4400 

1155 Terra Bella Ave., Mountain View, CA 94043 

in Canada - contact Telewnvu Ltd, t list Horseshoe Way +4 
Richmond. B.C. Canada V7A4S5 (604) 274-0300 


ARRL A Central Division 
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Convention y HAMFEST 
Saturday, October 18 Sunday, October 19 

10 a.m. to 4 p.m. “ 9 a.m. to 2 p.m. 

Norris Sports Center - St. Charles, IL 

All Indoors • Commercial Exhibits • Flea Market • ARRL Booth 
FCC License Exams • Contests • Demonstrations • Hot Food 
Admission: Adv. $3 - Gate $4 Talk-In: 144.87/145.47 & 144.61/145.21 



Sponsored by the 

L' I Fox River 
Radio League 


Tickets 

W. Heimann. KD9WE 
837 Lebanon Si. 
Aurora. IL 60505 
312-850 1171 


Dealers 

G. Isclv, WD9GIG 
736 Fellows St. 

Si Charles. IL 60174 
312-584-3510 
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flea 11 !— t 
market 


RATES Noncommercial ads IOC per word; 
commercial ads 60c per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


DX ANTENNAS FOR 160-10 METERS. Small si«, broadband, 
high performance. Also, antenna parts. Beverage insulators, wire 
and cable. Low prices and fast service. SASE for catalog. W1FB, 
Oak Hills Research, POB 250, Luther, Ml 49656 

PACKET PROGRAM FOR YOUR PC. A telecommunications 
program especially written to interface your packet controller 
with your PC or compatible Features Split-Screens, ASCII. Bt 
nary, X Modem file transfers DOS shell. Macro Keys. 5 types 
time'date/oper ID. Lots of goodies. Software support. Write 
for complete information. VISA 'MC. Kalt and Associates, 2440 
E Tudor Rd. Suite ?138, Anchorage, AK 99507. (9071 248 0133 

ANTIQUE RADIOS, schematics, tubes and literature. Send 
SASE to VRSIHRI, 376 Cilley Rd, Manchester. NH 03103 for 
large list. 

SPEECH SYNTHESIZER KIT FOR C-64 uses allophones to 
obtain virtually unlimited vocabulary. P.C. board, all parts, in¬ 
structions $30.00 plus $2.00 UPS. Dave Roscoe, W1 DWZ, 49 
Cedar Street, East Bridgewater, MA 02333. 

DIGITAL AUTOMATIC DISPLAYS. All transceiver. Six 1/2" 
digits. 5" wide by M/4" cabinet! Send $1.00 for information. 
Receive a $25.00 discount. Includes comparisons of the simple 
"BCD" readouts found in new radios and our "Calculating Fre 
quertcy Counter" readouts. GRAND SYSTEMS, POB 2171, 
Blaine, Washington 98230. 


R390A/URR Rcvr .5 32 MHz, Central 20A Trx w/458 vfo, all 
real good condition. $135 00. 1120 VAC, 500 ADC transformer 
$15,00. U/pay shipping. Mike Nichols, KE0AD (3031 665 5104 

MEASUREMENTS CORP. signal generators, etc. Copies of in 
sfructions. Send SASE and MadH for data. W2BLL, RD2, Box 
72. Boonton, NJ 07005. 

TALKING DIGITAL DIAL for ICOM 720A. very useful for par 
tially sighted or blind Amateurs. Uses Kenwood speech brd 
Plugs into 24 pin acc. socket. $125.00. Also a frequency count 
er version for almost any transceiver $300.00. Jim Upright, 707 
Huntridge Hill NE, Calgary, Alberta. Canada T2K 4A4. Ph. (403) 
274 4284 

DYNAMIC COLOR NEWS: Monthly newsletter provides 
programming instruction for Radio Shack Color Computers In¬ 
cludes HAM RADIO section. FREE sample. Dynamic Electron 
ics. Box 896, Hartselle. AL 35640 (705) 773 2758. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy SASE for information C & D Electronics. PO Box 
1402, Dept HR, Hope, AR 71801 

YAESU OWNERS: Hundreds nf modifications and improve 
merits lor your rig. Select the best from fourteen years of gen 
uine top rated Fox Tango Newsletters by using our new 32 page 
Cumulative Index. Only $5 postpaid (cash or check) with $4 Re 
bale Certificate creditable toward Newsletter purchases. Includes 
famous Fox Tango Filter and Accessories Lists Milt Lowens. 
N4ML (Editor). Box 15944, W. Palm Beach. FL 33416. Telephone 
(305) 683 9587. 

R-390A Receiver: $195 checked. $115 reparable. Parts, tubes, 
sections. Info SASE. CPRC 26 six meter transceiver (see HR. 
March 1985) $17 50 apiece, $32.50 pair (add $4.50/unit ship 
ping). Baytronics, Box 591, Sandusky. OH 44870 419 627 0460 
evenings. 

SOME QSLs 100 for $6 25 Samj»le SASE WB2EUF, Box 708, 
East Hampton, NY 11937. 

MARCO: Medical Amateur Radio Council, Ltd. operates daily 
and Sunday nets. Medically oriented Amateurs (physicians, den 
tists, veterinarians, nurses, physiotherapists, lab technicians, 
etc.) invited to join. Presently over 550 members. For inforrna 
tion write MARCO. Box 73's. Acme, PA 15610. 

IBM-PC RTTY/CW. New CompRtty II is the complete 
RTTY/CW program for IBM PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII, BAUDOT, CW. Text entry via 
built in screen editor! Adjustable split scieen display. Instant 
mode/speed change. Hardcopy, rliskcopy. break in buffer, se 
lecl calling, text file transfer, customizable full screen logging 
24 programmable 1000 character messages. Ideal for MARS and 
traffic handling. Reguires2S6k PC or AT compatible, serial port, 
RS-232C TU $65. Send call letters (including MARS) with or 
der. David A. Rice, KC2HO, 25 Village View Bluff, Ballston Lake, 
NY 12019. 

ELECTRONIC ENCLOSURES: Attractive, reasonably priced 
Aluminum top and sides. Walnut stained solid wood ends. Va 
riety of sizes and custom sizes available. Sample $5.00 Infor 
mation free. Energy Engineering, Custom Division, Rt. 4, Box 
330, Fayetteville, AR 72701. 

NATIONAL RADIO EQUIPMENT manual list or NCL 2000 parts 
kits. SASE. Maximilian Fuchs, 11 Plymouth Lane, Swampscott 
MA 01907. 

ATTENTION AMATEURS Send for Free discount catalog Am 
ateur Communications. 2317 Vance Jackson, San Antonio, TX 
78213 (513) 734 7793. 


RTTY JOURNAL —Now in our 34th year. Join the ciicle of 
RTTY friends from all over the world Year's subscription to 
RTTY JOURNAL. $10 00. foreign $15 00. Send to: RTTY JOUR 
NAL, 9085 La Casita Ave.. Fountain Valley, CA 92708 

THE GOOD SAM HAMS invite RV operators to check in the 
Good Sam Ham net 14.240 Sundays 19002also 3.880 Tuesdays 
at 23592 Net control N5BDN, Clarksville, IN 

IMRA, International Mission Radio Association helps mission 
aries. Equipment loaned. Weekday net. 14.280 MHz, 2 3 
PM Eastern. Eight hundred Amateurs in 40 countries. Brother 
Frey, 1 Pryer Manor Road. Larchmont, New York 10538 

RUBBER STAMPS: 3 lines $4.50 PPD Send check or MO to 
G L Pit'ice, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

DISCOUNT CATV CONVERTERS/DECODERS and Video ac 
cessories. Send for free information and prices il could save 
you BIG MONEY on your next purchase of these and other 
CATV items Easy View, (HR) PO Box 221K, Arlington Heights, 
Illinois 60006 (312) 952 8504. Ask for Rudy Valentine. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
typos available. Large stock Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 90224. (213) 774 1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information Hem Specialties, Inc , Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 

RECONDITIONED TEST EQUIPMENT $1 25 fot catalog. 
Walter. 2697 Nickel, San Pablo, CA 94806. 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jenold, Hamlin, Zenith Many others. 
Lowest dealer prices 1 Orders shipped within 24 hours! Master 
card. VISA, COD accepted.Free Catalog call (800) 345 8927 
only Pacific Cable Co., Inc., 7325 1/2 Reseda Blvd,#1017, Rose 
da, CA 91335. (818) 716 5914. 

CHASSIS and cabinet kits. SASE K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 

COMING EVENTS 

Activities — “Places to go . . 


OKLAHOMA: October 5. The Salt Plains Amateur Radio Club 
will hold their annual Ham Social, Salt Plains Lake, Northern 
Alfalfa County. Covered dish dinner. Talk in on 147.30/90. In¬ 
quiries to: Gary Gerber, KBOHH, 511 Lincoln, Anthony, KS 
67003. (405) 842 5076. 

MARYLAND: October 5. The Columbia Amateur Radio Associ 
ation's 10th annual Hamfest, Howard County Fairgrounds, just 
west of Baltimore, off 1-70. 8 AM to3:30 PM. Admission $3.00. 
Spouse and children free. Reserved tables $7.00 prior to Sep¬ 
tember 30. $8.00 after. Outdoor tailgating $3.00 additional. In¬ 
door tailgating $6.00 additional. Food available. Talk in on 
147.735/135, 146.52/52. For table reservation and information: 
Mike Vore W3CCV, 9098 Lambskin Lane, Columbia, MD 21045. 
992 4953. 

PENNSYLVANIA: October 4. Pack Rats (Mt. Airy VHF ARC) 
invites all Amateurs to the 10th annual Mid Atlantic VHF Con 
ference, Warrington Motor Lodge, Rt 611, Warrington and the 
15th annual Pack Ral Hamarama, Sunday, Ociober 5, Bucks 
County Drive In theater, Rt. 611, Warrington. Flea market ad 
mission $5.00 per car. Selling spaces $6.00 each. Gates open 
6 AM rain or shine. 


$$$$$SUPER SAVINGS on electronic parts, components, sup 
plies and computer accessories. Free 40 page catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Pox 830119, Richard 
son, TX 75083 or call (214) 690 1102. 


8877 VHF AMP KITS: HV power supplies, CX600N relays, Mu 
Tek LTD front end boards for IC251 IC271, EME newsletter and 
QRO parts. SASE for new catalog KB7Q. "O'' Products, 417 
Staudaher Street, Bozeman, MT 59715. 


GEORGIA: November 1 2. The Alford Memorial Radio Club of 
Slone Mountain is sponsoring Ham Radio and Computer Expo 
'86, Gwinnett County Fairgrounds, 20 minutes NE of Atlanta. 
9 AM to 5 PM Saturday; 9 AM to 4 PM Sunday Admission $4 


NEW 

products 

new mic 

Astatic has confirmed the rumor that they're 
working on a new microphone. The new model, 
titled the D-204, is a scaled-down version of the 
D-104 with new features. Said to have the same 
high-luster chrome finish as the Silver Eagle 
D-104, it will carry the trade name "Silver Clas 
sic." VOX compatibility and an adjustable pre 
processor are some of the features expected to 
be included. For information, contact P.0 Box 
120, Conneaut, Ohio 44030-0210. 

Circle #310 on Reader Service Card. 


produce prototype circuits 
direct from CAD or 
artwork 

Girard Electronics has developed a non¬ 
chemical system for generating flexible proto 
type circuits which the user can laminate into 
double-sided PCBs, multilayer circuits and 
boards for standard or surface-mount com¬ 
ponents. 

Protoflex-lll uses optical mechanical technol¬ 
ogy to produce prototype circuits. An optical 
system scans circuit artwork mounted on the 
right side of a drum within the machine. 
Protoflex III machines circuits from 1 oz. cop 
per sheeting on a polymide base affixed to the 
left side of the drum. 

Protoflex-lll works from a variety of artwork 
media — transparent, translucent or opaque. 


The user can produce artwork simply with graph 
paper and taping puppets or use camera shots 
or CAD plots, positives or negatives. 

Additionally, the machine comes with CAD in¬ 
terface that allows the circuit designer to pro 
ceed directly from schematic capture to printed 
board. 

Protoflex-lll handles materials as large as 7 x 

16 inches and machines flexible circuits in 140 
minutes or less, depending upon the size of the 
board, with resolving power down to 0.010 
inches in lines and spaces. 

The system's technique eliminates messy 
chemicals used in acid etching systems and al¬ 
lows the machine to be housed in a desktop¬ 
sized case measuring approximately 31 x 10 x 

17 inches and weighing about 70 Jbs. 

For information, contact Girard Electronics, 
13914 West Oakgreen Circle South, Afton, Min- 
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advance, $5 at door. Forums, awards, VEC exams both days, 
free cookout Saturday night. Activities for the entire family. Su¬ 
perb dealer facilities, giant undercover flea market. Discount ho 
tel rooms. Free parking, RV sites with full hookups. Talk in on 
146-16/76. 449 25/4.25. Information: Alford Memorial ARC, PO 
Box 1282, Stone Mountain, GA 90086 or call N8LM at 
404 925-/615. 

NEW HAMPSHIRE: October 4. The Hosstraders Fall Tailgate 
Swapfest, Deerfield Fairgrounds. Donation $2 per person. Fri 
day night camping at nominal fee. Entry 4 PM. Profits benefit 
Shrtner's Hospital. Last Spring's gift was $7767.00. Sponsored 
by W1GWU, K1RQG andWAIIVB. For map SASE to WA1IVB, 
RFD Box 57, West Baldwin, ME 04091. 

NEW HAMPSHIRE: October 4. In conjunction with the Hoss¬ 
traders Swapfest, the volunteer examiners of NH will conduct 
exams at the Northwood Elementary School Gymnasium, Deer 
field, NH. For further information SASE to Don Clark, N1AKS, 
2 Cortland Street, Londonderry, NH 03053. 

OHIO: October 26.The Marion Amateur Radio Club will hold 
its 12th annual “Heart of Ohio" Ham Fiesta. 0800 to 1600 hours. 
Marion County Fairgrounds Coliseum Tickets $3.00 advance, 
$4.00 at door. Tables $5.00. Check in on 146.52 or 147.90/30. 
Toi information, tickets or tables contact Ed Margraff, KD80C, 
1989 Wetss Avenue, Marion, OH 43302 ( 614) 382 2608. 

CONNECTICUT: November 9. SCARA annual indoor Flea Mar 
ket. North Haven Park and Recreation Center, North Haven 
Sellers 7 AM. Buyers 9 AM to 3 PM. Tables $10.00 advance, 
$15.00 at the door. Buyers $2.00. For information or table reser 
vations SASE with phone number to SCARA Flea Market, PO 
Box 81, North Haven, CT 06473. Reservations must be received 
by November 3, 1986 No reservations taken by phone. For in¬ 
formation ONLY contact Brad (203) 265 6478. 7 PM to 10 PM. 

KANSAS: October 11-12. ARRL Convention. Holiday Inn Pla 
za, 250 W. Douglas, Wichita, KS 67202. Starts 9 AM both days. 
Indoor flea market, OCWA Meeting, ARRL Forum FCC Booth, 
Ladies' lounge. VE exams, EME/OSCAR basics. Banquet with 
entertainment. Sunday buffet breakfast. Hospitality suite, Kan 
sas Amateur of the Year award. Talk in on WOK A repeater, 
146.82.For further information: Kansas ARRL Convention, 1520 
W 16th, Wichita, KS 67203. 

MASSACHUSETTS: October 26. The Framingham Amateur 
Radio Association will hold its annual Fall Flea Market and Ex 
ams, Framingham Civic League Bldg. 214 Concord Street. 
Downtown Framingham. Doors open 10 AM. Sellers setup 8:30 
AM. Admission $2 00. Tables $10.00, includes one free admis 
sion.Preregistration for tables and exams required. 
Talk in on 75/15 repeater. To reserve tables: Jon Weiner, 
K1VVC, 52 Overlook Drive, Framingham, MA 01701. (617) 
877-7166. To register for exams send Form 610, copy of ham 
license and check for $4.25 payable to ARL/VEC to FARA, PO 
Box 3005, Framingham, MA 01701. 

ALABAMA: October 25 and 26. The Montgomery Amateur Ra 
dio Club's 9th annual Hamfest and South Net Convention, Civ¬ 
ic Center, downtown Montgomery. 9 AM to 4 PM. Free 
admission, free parking, all indoors, including Flea Market. Flea 
Market reservations not required. Setup begins 6 AM. FCC ex¬ 
ams both days. Bring copy of current and $2.00. For more in¬ 
formation: Hamfest Committee, 2141 Edinburgh Drive, 
Montgomery, AL 36116 or phone Phil (20$) 272 7980 after 5 PM 
CST. 

MASSACHUSETTS: November 8. New England annual DXCC 
Banquet. Masonic Lodge Building, Monument Square, in historic 
Concord Center. Afternoon session 2 PM to 5:30 PM Banquet 
6:30 PM. For further information: Charles Lukas, Jr., W1DOH, 
RFD 1, 24 Durkee Road, Acton, MA 01720. (617) 263-3743. 

CALIFORNIA: October 4. Scatcon '86 9 AM to 3 PM, Cortez 
Park, 2441 Cortez Avenue, West Covina Tech sessions. Hands- 
on packet, satellite and more. Swaps, vendors. Donation $2. 


nesota 55001. 
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Model 610 scope memory 

Sibex, Inc. has introduced the Model 610 
scope memory, an addition to the line of instru 
ments that convert an analog oscilloscope into 
a digital storage scope. The Model 610, with its 
10-MHz maximum sampling rate, is capable of 
storing sine wave signals up to 1 MHz in its 2K 
x 8 static RAM. The input sensitivity is 10 
mv/div. 

The unit features pre- and post-triggering 
capabilities or the selection of a 1/2-pre and 
1/2-post data combination. A sweep function 
allows the operator to sweep through the entire 
memory, then expand any portion of the wave¬ 
form for detailed analysis. 

Priced at $985, Model 610 is available from Si- 


Talk in on 147.765-600. For more information: Bob, N6NGN. 
1818) 917 6470 

FLORIDA: October 18, 19. ARRL South Florida Section Sun 
coast Convention Sponsored by the Florida Gulf Coast ARC Na¬ 
tional Guard Armory, St. Petersburg.Admission $4.00 advance; 
$5.00 at the door. 9 AM to 4 PM both days. QCWA luncheon 
Saturday. Western Barbeque Safurrfay night. Swap tables 
$12.00 for both days. Plenty of free parking. Some RV spaces. 
For information: FGCARC* PO Box 157. Clearwater, FL 33517. 

MINNSOTA: November 1. The 2nd annual Hamfest Minnesota 
and Compute! Expo, sponsored by the Twin City FM Club. Rich 
field High School, 7001 Harriet Avenue South, Richfield. 7:30 
AM to 3 PM Admission $3.00 advance, $4.00 at the door. 
Wayne Green, W2NSD, guest speaker. DX seminar, FCC ex 
ams, indoor flea market, ARRL. AMSAT and computer semi 
liars and much more. Talk in on 16/76. For more information, 
registration SASE to Hamfest Minnesora and Computer Expo, 
Box 555, Minneapolis, MN 55440 or Lyly Vogt, KA0UDL. 5130 
Willow Lane, Minnetonka, MN 55346 

PENNSYLVANIA: November 2. The RF Hill ARC'S 11th annu¬ 
al Hamfest. Pennsylvania National Guard Armory, Rt 152, 
Sellersville. Dealer setup 6 AM. Buyers 8 AM. Admission: Hams 
$4 00. Accompanying non ham spouse and children free. Dealers 
8x6' inside space $8.00. $6 00 outside Own tables. Talk in on 
144.71/145.31 Almont, PA. 146.28/146.88 Hilltown. 146.52 sim¬ 
plex. To reserve space: Frank Benner. W3BRU (215) 257 2450 
or write Hamfest Chairman, RF Hill ARC, 523 Vine Street, Per 
kasie, PA 18944 

MICHIGAN: November 2. The Oak Park ARC will hold its largest 
ever 1986 SWAP N SHOP. New location. City of Southfield Civ¬ 
ic Pavilion, Evergreen Road between 10 and 11 Mile Roads, 
northwest Detroit suburb of Southfield. Ham Radio and Com 
puter activities from 9 AM to 5 PM in the new fully carpeted 
30,000 sq. ft. pavilion. The Detroit Area Repeater Team (DART) 
will provide food and refreshments. Admission $4, under 12 free. 
VE3's at par Tables $10 00. Advanced reservations required. 
Talk in on DART 146 04/ .64 and 146.52 simplex. For further in¬ 
formation SASE to OPARC Swap-N Shop, 303 South Vermont 
Avenue, Royal Oak, Ml 48067 Swap N Shop Hotline (313) 
399-3991. 

TENNESSEE: October 11, 12. The Mid-South Amateur radio 
Association and allied clubs will hold their annual Hamfest. She! 
by County Agricenter (New Location), Memphis. Saturday 8 AM 
.2 5 PM Sunday 9 AM to 4 PM. Dealers and flea market inside 
large air-conditioned building.Flea market spaces $6.00 each per 
day Tables furnished. Non hams and children admitted 
free.Setup time Friday, 5 PM to 9 PM. Doors open Saturday 
morniny for vendors/dealers 6 AM. FCC exams for all license 
classes. Bring license and copy, and Fnrrn 610. Hospitality par 
ty Friday evening at Hamfest Motel, Admiral Benbow Inn, free 
to all hams. Talk in on 28/88. Alternate 22/82. For further in 
formation: Clayton Elam, K4FZJ. 28 No. Cooper, Memphis, 
TNJ902) 274-4418 days. (901) 743 6714 nights. 

1986 BLOSSOMLAND BLAST” Sunday. October 5, 1986. 
Write "BLAST", PO Box 175, St. Joseph. Ml 49085. 

CALlFORNIA:FCC exams, Novice-Extra Sunnyvale VEC ARC 
(408) 255 9000 24 hour. 73, Goidon, W6NLG, VEC 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the M(T Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday, October 22. 7 PM, MIT Room 
1 134, 77 Mass Avenue, Cambridge MA. Reservations request 
ed 2 days in advance. Contact Ron Hoffmann (617) 
253-0160/646-1641 or Craige Rodgers (617) 494-1986. Exam fee 
$4.25. Bring copy of current license (if any), two forms of pic 
ture 10 and completed form 610 available from FCC in Boston 
1223- 6609) 

NEW YORK: October 5. Electronics Fair and Giant Flea Mar¬ 
ket, Yonkers Municipal Parking Garage Nepperhan Avenue and 


bex, Inc., 3320 U.S. 19 N., Suite 410, Clear 
water, Florida 33519 
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rechargable memory back¬ 
up batteries 

Plainview Electronics has introduced its PMB 
series of rechargeable nickel cadmium batteries 
for printed circuit board mounted memory back 
up. They're available in 2.4, 3.6, and 4.8-volts, 
with capacitance of either 35 mAh or 110 mAh. 
The batteries measure only 16.5 and 23.5 mm, 
respectively, in diameter. 

These batteries are a direct second source to 
Motorola's MMB series of batteries. Availabili¬ 
ty is stock to 6 weeks. For information, contact 
Plainview Electronics, 28 Cain Drive, Plainview, 
New York 11803. 
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New Main Sheet. 9 AM to 4 PM. Satellite TV, SSTV, Amateur 
Radio, Computers and more. Giant Auction 2 PM. Unlimited 
free coffee all day. Admission $3.00. Children under 12 free. 
Sellers $7.00 per parking space, one admission Bring tablet;. 
For information call (914) 969 1053. 

MICHIGAN: October 12. Ham Fair '86, Michigan National Guard 
Armory. 2500 S Washington Avenue. Lansing 8 AM to 3 
PM .Dealer sales, swap shop, handcrafted items, FCC exams 
starting 1 PM. Register for exams by September 12. Donation 
$3 00 adults Handicap facilities on premises For information 
and reservations: Rowena Elrod, KA80BS, 111 Lancelot Place 
Lansing, Ml 48906. (517) 482 9650. 

NEW JERSEY: October 4. The Orange County ARC will hold 
its Hamfest and Auction, John S Burke Catholic Hiyh School 
9 AM to 3 PM Tailgating $3.00 Setup 8 AM License exams 
starting 9 AM. Admission $3.00 Tables $7.00. Talk in on 146. /6 
Rpt. and 146.52 simplex. For more information cull 
Bob, WB2ENA (201) 767 6698 


OPERATING EVENTS 

“Things to do . . 

COLUMBUS DAY SPECIAL EVENT. October 11, 12 14002 
to 2400Z Open to all Amateur Radio oeprators worldwide. To 
promote explorer Chkristopher Columbus, the city of Cnlum 
bus, Ohio and Amateur Radio. Exchange name, QTH and RSF 
All requests for awards and correspondence shoudl be sent to 
ARS W8TO, Special Event Coordinator, 280 East Broad Street, 
Columbus, OH 43215. 

HELP CELEBRATE The Virginia Beach Amateur Radio Club's 
25th anniversary by contacting Club Station WA4TGF, Satur 
day, Sunday. October 5 and 6, For a special 8 x 10 QSL certifi 
cate, send 9x12 envelope and two 1st class stamps to R.C. 
Brown, VBARC, 4821 Rosecroft Street, Virginia Beach, VA 
23464. 

LONDON BRIDGE Amateur Radio Association, WB7DSW, will 
operate from Lake Havasu City, the home of the London Bridge. 
October 11 from 1600Z to 2000Z to celebrate the dedication of 
the London Bridge For certificate send OSL to Don Harriny 
ton, WB7ALO, 1208 McCulloch Blvd South, Lake Havasu City. 
AZ 86403. 

October 1 1 and 12: Members of the Dalton ARC, Dalton, GA 
will operate a special event station from historic Praters Mill 
Country Fair. The station will be set up in a turn of the century 
Cotton Gin. 10 to 3 EDT each day. QSL's will include informa 
tion and a picture of the mill. Dalton ARC, PO Box 143, Dalton. 
GA 30722. 

W.E.C.A. (Westchester Emergency Communications Associa 
tion) initiates Equipment/"Elmer" Banks to help new hams get 
on the air. More information write the club at PO Box 131, North 
Tarrytown, NY 10591. 


CHARGE % 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 


microloop ™ monoband 
antennas 

Advanced Design Networks (ADN) has an 
nounced a new generation of compact mono¬ 
band antennas called Microloop. Across-the 
loop dimensions vary from 27 inches for 10 
meters to 104 inches for 40 meters. Performance 
is said to be approximately equivalent to a full 
size dipole in a much smaller space. 

A comprehensive overview of the Microloop 
is available to readers on request. For informa¬ 
tion, contact Adavanced Design Networks, 8601 
66th Street N., Pinellas Park, Florida 33565. 

Circle #308 on Reader Service Card. 
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^by Ernie Guerri, W6MGI 


electronic sleuths 
detect fatal flaws 

A high-performance F-15 fighter streaks 
toward,a target, its pilot depending on 
radar for accurate environmental data. 
But suddenly the radar picture changes 

— and then returns to “normal. " 

Was the pilot in error, or did the radar 

give erroneous information? 

Unfortunately, thiswasnot a simu¬ 
lation , but a real-life situation confront¬ 
ed by radar designers at Hughes. 
Apparently an intermittent problem in 
the radar was causing incorrect 
responses in testing. Worse yet, the 
problem would also appear in the field, 
then disappear without explanation. 

To solve the problem, Hughes turned 
to a group of “electronic pathologists" 
ata division of Gould in Los Angeles. An 
exhaustive "autopsy" on hundreds of 
hybrid modules revealed that tin from 
the plating on the hermetic covers of the 
modules was contaminating the circuit. 
The underlying cause was subtle: chem¬ 
ical reactions within the hybrid caused 
tin "whiskers" — only 0.0001 inch in 
diameterandaboutO.1-inch long — to 
"grow" inside the module. At random 
intervals, these whiskers would detach 
themselves from the case and fall into 
the active circuitry, causing intermittent 
operation of just one portion of a com¬ 
plex hybrid. Moreover, random vibra¬ 
tion, or current through the whisker, 
would cause the problem to disappear 

— frequently without damage to the 
hybrid. 

Thiswasa difficult problem because 
the whiskers don't begin growing until 
three to seven years after man ufactu re, 
and therefore cannot be detected by 
any type of screening during the 
manufacturing process. The only solu¬ 
tion may be to design Hi-Res modules 
with hermetically-sealed packages that 
don't use plated materials. Unfortunate¬ 
ly, this will mean greatly increased com¬ 
plexity and expense. 


As the first electronic " MDs" appear 
on the scene, will it be only a matter of 
time before the local TV repair shop be¬ 
comes a "clinic?" 

high-power satellites 
may affect terrestrial 
systems 

There is growing concern that in¬ 
creased transmitter power on some 
satellites may begin to affect certain ter¬ 
restrial activities that depend on low 
power to accomplish their tasks. A par¬ 
ticularly importa nt case in point are the 
various test ranges operated by NASA 
and the Department of Defense. These 
ranges typically use signals in the 2.2 
GHz region fortelemetry links. Missiles 
and targets are usually very limited in the 
amount of power they can spare for tele¬ 
metry transmitters, and the typical 
transmitter is not more than 3 to 5 watts, 
with a very simple antenna. The anten¬ 
na, which usually conforms to the shape 
of the vehicle's skin, may have little gain 
(or even a slight loss) with respect to a 
dipole. 

The major concern is that signals 
from high-power satellites may mask or 
interfere with these low-power meas¬ 
urement signals, causing erroneous 
results. Since some tests may require 
months of planning and cost several mil¬ 
lion dollars, the consequences of not 
gathering the intended data are poten¬ 
tially quite serious. It may be possible to 
coordinate results with the known pass¬ 
ing of a given satellite if it belongs to an 
entity willing to cooperate. However, 
not all satellite owners and operators 
have our best interests at heart. 

One possible remedy involves using 
range antennas with more carefully- 
shaped patterns. Unfortunately, this 
runs counter to the desire of most range 
operators, who would like to "look 
at" the maximum amount of space, to 
make sure they don't miss anything if 
a vehicle departs abruptly from its 
planned course. Another possibility in¬ 


volves establishing polarization stan- 
dardsforsatellitesand ground stations 
using the same frequency assignments. 
While this would add considerable com¬ 
plication to the telemetry ranges, it 
would be an effective cure — if every¬ 
one were to cooperate. 

Cooperate? Sounds like the big guys 
have the same problems in their bands 
that we see every day on the Amateur 
bands! 

new super-speed 
semiconductors 

Continuing advances in semiconduc¬ 
tor technology have been made possible 
by parallel progress in fabrication tech¬ 
niques. More than 20 years ago it was 
shown that very high switching speeds 
could beachieved at room temperatures 
by an atomic energy-state process 
known as electron tunneling. 

Developed by Esaki in Japan, the 
theory was brought to practical maturity 
at IBM and GE in the United States. The 
early results were the germanium tunnel 
diodes of the 1960s. In those days, these 
were the only semiconductor devices 
capable of oscillating and providing gain 
in the microwave region. 

Modern fabrication methods have 
made it possible to assemble very com¬ 
plex, multi-layer transistors which em¬ 
body the Esaki concept. The results are 
still being investigated, but these 
"resonant tunneling" devices, as they 
are called, offer the prospect of switch¬ 
ing speeds of as fast as 0.1 picosecond 
(a tenth of a trillionth of a second). Ex¬ 
perimenters have reported observing 
the phenomena at frequencies of about 
2.5THz (1 THz = 1000GHz). 

Don't expect to see commercial 
devices using these technologies for a 
long time. Although the ultra-low-noise 
HEMT has been in the labs for nearly ten 
years, the first commercial devices were 
offered on the market just this year. 
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REELECTIQNS 


examining the EPA's rf radiation limit proposals: 

what do they mean? 

The United States Environmental Protection Agency, concerned with the public well-being, recently released 
a notice that explores options to prevent adverse health effects that may be associated with exposure to rf radia¬ 
tion. Printed in the July 30, 1986 Federal Register, pages 27318-27339 this notice presented an historical over¬ 
view of previously proposed and/or accepted radiation limitations (for example, the ANSI standards of 1966 
and 1982) as well as reports of various studies involving experiments on laboratory animals. Most importantly, 
it built a case for a new set of levels to be considered for implementation in this country. 

There are important reasons for this action at this time. First, several states have independently enacted legis¬ 
lation setting their own limits on what they consider to be acceptable radiation levels. A uniform nationwide 
standard, especially one that utilizes the considerable facilities and expertise of the responsible federal agencies, 
would appear to be a better approach. Second, as a result of growth in the communications industries, public 
exposure to all forms of rf radiation is greater than ever before. (According to the recent EPA notice, there are 
approximately 4600 a-m stations, 4400 fm stations and 1100 tv stations in the United States.) 

But what is an acceptable level? Conversely, what is too high? The question is simple enough, but the answer 
depends on many variables. One of the first standards (ANSI, 1966) indicated that a power density of 10 mil¬ 
liwatts per square centimeter across the entire rf spectrum was a reasonable limit. In 1982 ANSI released a re¬ 
vised standard that took into account different levels of absorption versus frequency in the human body, which 
resonates somewhere between 30 and 300 MHz, depending on size, shape factor, and polarization. The revised 
standard called for a power density level of 1 milliwatt per square centimeter in that particular frequency range. 

As a result of continuing research and the need for a nationally-accepted standard, the EPA is calling for com¬ 
ments on the next generation of proposed acceptable levels. This time, a new term has been defined: SAR or 
Specific Absorption Rate (watts/kilogram). Mathematically a function of tissue conductivity, electric field strength 
in tissue, and tissue density, it can be related to our old units of measure — for example, power density and 
electric and magnetic field intensities. 

The EPA proposal discusses four options. The first three indicate specific levels of SAR; the fourth basically 
sets no level but stresses the importance of continued research. The least stringent option. Number 3, calls for 
a maximum SAR not to exceed 0.4 watts per kilogram of mass. I believe that's roughly equivalent to our old 
ANSI standard of 10 mw/cm 2 . Options Number 2 and 1 are correspondingly more stringent, calling for SARs 
not to exceed 0.08 and 0.04 watts/kg, respectively. 

There is considerable evidence to indicate that above an SAR of 4 watts/kg, the core temperature of the hu¬ 
man body increases, leading to health complications. Notice that the EPA's option Number 3 (the least strin¬ 
gent) is one tenth of this amount. However, pre-existing health conditions such as poor circulation and normally 
elevated body temperatures reduce the level of acceptable SAR. 

At this point you're probably wondering, "How does this affect me?" It's a good question, but I'm not sure 
of the answer. The EPA specifically proposed (on page 27334) to exclude radiation from "consumer electronic 
products" from the proposed standard. I think that category includes our transmitters, linears, and other equip¬ 
ment. The EPA's primary aim is to protect the public from radiation from high-power rf sources — mainly a-m, 
fm, and tv stations running many kilowatts. But perhaps this might be added incentive for the few "superpower 
boys" out there to either cut back or move their families away from the high rf fields. 

In this short space it's not possible to cover in detail many of the points brought out in the EPA notice. I 
highly recommend that interested readers obtain a copy of these 22 pages and specifically review several of 
the 62 cited references, as well as an excellent article on the subject ("The Microwave Problem," by Kenneth 
R. Foster and Arthur W. Guy) that appeared in the September, 1986 issue of Scientific American. 

The conversions from power source to rf radiation levels to SARs are derivable or well-documented. Through 
its investigations and those of other agencies, the EPA hopes to bridge that last gap in understanding — the 
one that would relate SARs to health — and thereby provide a nationwide rf radiation standard that we can 
live with. 

— Rich Rosen, K2RR 
Editor-in-Chief 
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THE 'ELECTRONIC COMMUNICATIONS PRIVACY ACT” WAS MOVING RAPIDLY toward Senate approval at 
presstime and may even have become law by the time this sees print. On September 19 the Senate 
Judiciary Committee unanimously approved the latest version of S-2575 after only 25 seconds 
consideration! Fortunately the Senate version, though still objectionable for its basic 
philosophy that U.S. citizens can’t listen to any service or frequency that the government 
doesn’t want them to, has been even more tempered than the version passed by the House in June. 
The bill now permits monitoring any radio communication "for the use of the general public" as 
well as cordless phones, marine or aircraft, Amateur, CB, GMRS, government, law enforcement, 
Civil Defense, private land mobile, or public safety (police and fire) communications which are 
"readily accessible to the public." 

Two Last-Minute Amendments Further Limit The Senate Bill by eliminating criminal penalties 
for intercepting (without malicious intent) broadcast remote pickup stations and by reducing 
the penalty for first interception of public land mobile services (cellular, older car phones, 
and voice paging) to a $500 fine. These worthwhile amendments, proposed by the Association of 
North American Radio Clubs, were introduced by Senator Paul Simon (D-IL). 

If All Goes Smoothly The Bil l Cou ldMove Qu ickly through the Senate Subcommittee on 
Communications and on to the Senate floor, where it could be voted on before the end of the 
month. However, columnist Jack Anderson’s September 23 syndicated column took a very hard swing 
at the bill, blasting the cellular telephone industry for having sold both Congress and 
cellular users a bill of goods on the legislation and "cellular privacy." Its very timely 
appearance could well induce some Senators to raise enough questions about the bill to slow up, 
if not derail, its passage. Furthermore, though Senator Goldwater hasn't made his views on the 
bill public, it's considered unlikely to win his endorsement. 

A PRIVATELY ADMINISTERED AMATEUR CALLSIGN PROGRAM is looking more and more likely, with 
not only ARRL but several other groups interested in taking on the job. The idea has actually 
been under consideration at the Commission for some time, and FCC officials discussed it at 
length during the FCC Forum at the recent ARRL National Convention. 

Under Its Plan FCC Would Issue On ly Basic 2x3 Initial Callsigns to newly licensed 
Amateurs. An Amateur who upgraded could continue to use that callsign or go to the "Callsign 
Administrator" who -- for a fee -- would issue a new callsign appropriate to the new license 
class. The FCC estimates charges for each callsign upgrade would be in the $20-30 range. There 
would also be an initial "grace period" during which those who wanted to recover a previously 
held callsign or one formerly held by a deceased family member could request and receive that 
callsign. 

The FCC Is Qu it e Interested In Movin g Fo r ward On The P roposal and could decide to solicit 
comments on it in a Notice of Inquiry or even "PRB-3” before the year ends. 

GEO SYNCHRONOUS "PHASE 4" AMATEUR SATELLITES are being seriously considered by AMSAT A 
just completed "Phase 4 Technical Study Plan" by AMSAT Engineering VP W3GEY proposes a pair of 
such birds, positioned above the equator so as to provide a "footprint" reaching from Japan and 
Australia eastward to most of Europe, Africa and the Middle East. 

2 Meter Pl u s 70. 24 And 13 cm Transpo nders with a wide variety of capabilities would be 
carried by the birds, which would be aimed at a much broader segment of Amateur Radio than ever 
before with a strong "Public Service" orientation. It's possible that even mobile or hand-held 
radios would be capable of working through the new satellites. 

Next Step For T he Ambitious Pro po sal Is A Stud y And Planning Per iod of a year or 30 ; 
launch would be targeted for 1990 91. Preliminary cost estimates are in the mi1lion-dollar 
range, meaning that very broad-based international Amateur support will be required. 

N ASA’s 1995 "Space Station" Plan May Inc l ude A Built-In Ama teur Statio n as a result of a 
recent meeting of NASA, AMSAT, and ARRL representatives. Possibilities look very good, and a 
working group has been set up to make a formal proposal to NASA next year. 

OS CAR 10 ’s Salv age Effo r ts Con ti nue T o Encour age Recovery Work ers, though an upcoming 
solar panel eclipse and resulting battery discharge will soon put it temporarily out of service 
anyway. When sunlight does return to recharge its batteries, the chances that OSCAR 10 will be 
able to be brought back to useful life are estimated at no better than 50-50. 

AMSAT’s Fourt h Ann ual Spac e Symposium And Annual Meeting will be held at the Dallas/Ft. 
Worth Hilton November 7-9. Call AMSAT at (301) 589-6062 for details. 

FIRST RECIPIENT OF THE "AEA AMATEUR AMBASSADOR AWARD" is Mary Duffield, WA6KFA, who was 
recognized for her work with the Redwood Youth Foundation, which has introduced hundreds of 
youngsters to Amateur Radio. The retired telecommunications educator received the honor and an 
accompanying $1000 cash award at ARRL’s San Diego National Convention. Congratulations! 

U.S. AMATEUR POPULATION IS STILL GROWING, ALTHOUGH VERY SLOWLY. Most encouraging is the 
dropout rate, which has decreased steadily from an average of 1478 per month in 1984 to 1210 
per month in 1985 and only 910 per month so far this year. At the end of August the total U.S. 
Amateur population was 421,077. 
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something for 
everyone 

Dear HR: 

Credit should be given when it is 
due. The September issue of ham ra¬ 
dio is outstanding for my tastes in 
technical literature. The spread of ana¬ 
log subjects of immediate interest to 
the dedicated Amateur was just right! 
Certainly, there should be something 
for everyone in the September issue. 

I was especially attracted to and en¬ 
lightened by the K1GQ article 
("Analyzing 80-meter Delta Loop Ar¬ 
rays," page 10). Having been a loop 
enthusiast for many years, I found the 
Myers treatment of the subject to be 
the most definitive one I have read. His 
findings confirm many of my intuitive 
views about the various loop configu¬ 
rations. I am presently using a full- 
wave rectangular loop for 80 meters, 
corner-fed and erected vertically. It 
seems to perform better than the tilt¬ 
ed delta loop I used for two years. 

The W4UCH article, "Low-cost 
Spectrum Analyzer with Kilobuck Fea¬ 
tures" (page 82), was similarly 
stimulating. I find myself beset with 
anxiety to build a copy of his unit for 
use in my lab. The circuit is quite 
"sanitary" and to the point! 

I enjoyed also the neat article by 
Mike Gruchalla concerning the NE5205 
wideband amplifier (page 30). If time 
permitted such luxury, I would be im¬ 
mersed in component parts and flux 
fumes for some time, as I built each 
of the projects that caught my fancy 
in September ham radio. Keep it up, 
and try to maintain the good mix of 
topics for those of us who aren't driv¬ 
en by the present-day digital philoso¬ 
phy. The Amateur journals and rf 
design may represent the salvation of 
the rf/analog technology. The trade 


journals have surely lost sight of the 
importance of rf technology! 

Doug DeMaw, W1FB/8 
Luther, Michigan 49656 

safety first 

Dear HR: 

NIACH's editorial emphasis on 
safety is well placed ("Switch to Safe¬ 
ty," September, page 4). Every con 
sideration possible should not be 
overlooked. 

As a teenager I experienced the full 
impact of a misfortune related to this 
problem. My father was working on a 
sub-station transformer when a care¬ 
less operator turned on the main cir¬ 
cuit breaker; 13,500 volts of electricity 
went through his body, resulting in in¬ 
juries which led to his death. The pow¬ 
er company then instituted a 
procedure of grounding all lines when 
men were working on them. 

Years later, while in the Navy, I al¬ 
most joined my ancestors by a similar 
route. I was working on the SJ sub¬ 
marine radar. I had carefully opened 
the circuit breaker and tagged it with 
a regulation red warning tag. I also 
checked for power at the input termi¬ 
nals to the radar. A few minutes later 
there was a flash of blinding fire and 
the jaws of my pliers melted. A young, 
inexperienced officer, in attempting to 
restore lighting to his room, had closed 
the circuit breaker. Fortunately, I was 
wearing thick-soled shoes and never 
provided a circuit through my body — 
the old "hand in the pocket" 
technique. 

At our high-power Navy radio sta¬ 
tions, we had key switches. When a 
technician opened the circuit breaker, 
he locked the switch and took the key 
with him. 

Vigilance is the word. And never 
trust the other guy. 

I. L. McNally, K6WX 
Sun City, California 92381 

price drops on "neat 
little book" 

Dear HR: 

As I read my September, 1986, is¬ 


sue of ham radio I was pleased to see 
Cushman Electronics mentioned in 
"Low-Cost Spectrum Analyzer with 
Kilobuck Features" by Robert Richard 
son, W4UCH. Please compliment Mr. 
Richardson on a very well written tech¬ 
nical article. 

Incidentally, the "neat little book en¬ 
titled Using the Spectrum Monitor, 
priced at $7.25 (postpaid)," is now a 
neat little book priced at $4.95 
(postpaid). 

Also, our new address is 1525 Atte- 
berry Lane, San Jose, CA 95131. 

Ray V. White, KI6DW 

President, Cushman Electronics 

update on ACSSB 
level-one adapter 

Dear HR: 

There have been several small val¬ 
ue changes to the Project OSCAR 
level-one adapter described in the Oc¬ 
tober issue of ham radio. We will glad¬ 
ly provide the revisions and pc board 
information to anyone sending an 
SASE to Level-One Adapter, 15 Val¬ 
dez Lane, Watsonville, California 
95076. 

James Eagleson, WB6JNN 
President. Project OSCAR 


short circuit 

program correction 

In October's "DX Forecaster," the 
exponentiation symbol was omitted 
from lines 100, 200, 280, and 360 of the 
information provided for adapting the 
HORANT program for use on the 
Apple lie and lie. The following lines 
should be substituted for existing lines 
in the HORANT program shown on 
page 92: 

95 IF 4*HI < LI THEN 420 

98 Y = (L1/(4*H1)) 

100 A1 = ATN (Y/(1-YA2)A0.5) 

198 Y = (3*L1)/(4*H1) 

200 A2 = ATN (Y/(1-YA2)A0.5) 

278 Y = (5*L1)/(4*H1) 

280 A3 = ATN (Y/(1-YA2)A0.5) 

358 Y = (7*L1 )/(4*H1) 

360 A4 = ATN (Y/(1-YA2JA0.5) 

ham radio 
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In this edited excerpt from his forthcoming 
book, * Ulrich Rohde, well known to readers 
for his many articles on receivers and other 
communication subjects, shares knowledge 
borrowed from commercial, applications to 
improve noise handling capabilities in Ama¬ 
teur equipment. 


understanding and handling 

noise 


Balancers, limiters, 
and squelch circuits 
enhance receiver performance 

Pulse interference is often the limiting noise source 
for communication receivers on our HF and VHF 
bands. To understand how pulse interference affects 
performance — and before noise-reducing methods 
can be developed — it's necessary to understand the 
sources and types of interfering pulses. Although 
many solutions have been proposed since the early 
days of radio 1 , a large part of this information is based 
on recent work. 2 3 4 5 

types of pulse interference 

Noise can be viewed in both the time domain, with 
an oscilloscope, and in the frequency domain, using 
a spectrum analyzer. 

The clicks that appear when a current is switched on 
or off represent the simplest form of an interference 
pulse (fig. 1A). In this case the energy in the interfer¬ 
ence spectrum is a function of the amplitude, slew 
rate, rise time t, (i.e., the time it takes to build from 
10 to 90 percent of final amplitude) and the repetition 
frequency. For wideband systems with a low-pass 
characteristic, the approximate formula t r = 0.3/A/is 
valid, where Af is the bandwidth in Hz and t r is the 
rise time in seconds. 

The theoretical vertical step with t r = 0 (infinite rate 
of rise) has a spectrum that extends to infinity — i.e., 

'HRCommunications Receivers: Theory and Design, bytJ.L. Rohde, Ph D., 
andT.T. Nelson Bucher, PhD., to he published by McGraw Hill Book Compa 
ny. New York, 1987. Used with permission. 


the "click” would be heard at all frequencies. For fi¬ 
nite pulse duration, r, the amplitude characteristic of 
the spectrum has a shape described as the sine integral 
(fig. 1 A). As t increases, the frequency representa¬ 
tion of the noise compresses — i.e., the minima in the 
spectrum are shifted toward lower frequencies. In ac¬ 
tual circuits t, will be at least 10 nanoseconds because 
of the presence of some line inductance. This results 
in the main spectrum components of this form of in¬ 
terference being below 30 MHz. Amplitudes are low 
and decrease above this frequency. 

Commutator sparking is a special case of switching 
interference, in that a series of individual switching 
pulses are generated according to the type of machine, 
the number of poles, and speed (f ig . 1B) . Repetition fre¬ 
quencies up to several kHz can occur. This results in a 
higher spectral energy density than in the case of the 
single switch, proportional to this frequency factor. 
Thus, sometimes the rotating machine noise can be 
heard up to 30 MHz. The spectral amplitudes can in¬ 
crease by several orders of magnitude when arching 
occurs between the commutator and brushes. How¬ 
ever, this does not occur often, since it would quickly 
destroy the commutator. 

Ignition interference, which results from a high volt¬ 
age discharge in a pressurized gas, has a repetition 
frequency of less than 1 kHz and a spectrum as indi¬ 
cated in fig. 1C. In the case of conventional circuit- 
breaker type ignition systems, the voltage amplitude 
is highest and the rise time shortest at low engine 
speeds. The breaker points, together with the high- 
voltage cables connected between the spark plugs and 
distributor, form resonant circuits which act like the 


By Ulrich Rohde, DJ2LR, 52 Hillcrest Drive, Up¬ 
per Saddle River, New Jersey 07458 
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(A)' Click ' source generated by simple switching of a power line on and 
oft is soon ns n single pulse with a rise time exceeding 10 nanoseconds 
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spark transmitters used in the early days of radio com¬ 
munications. The oscillations decrease in an exponen¬ 
tial manner. 

Corona discharge occurs across defective insulators 
on high-voltage ac lines. A discharge can be ignited 
which, depending on the “quality" of the insulator, 
starts more or less below peak voltage and lasts until 
the voltage is reduced below a threshold which is al¬ 
ways lower than the starting voltage. This process is 
repeated during the opposite half waves of the alter¬ 
nating voltage. (See fig. ID.) In the case of a poor 
three-phase line, or even with a good line in very high 
humidity (for example, in fog), arcing of all three 
phases could result in an overlap of the burning times 
(which occur every 3.33 milliseconds for a 50-Hz line 
and every 2.78 milliseconds for a 60-Hz line. 6 
Lightning discharges account for what is called "at¬ 
mospheric noise." In relatively flat terrain, 85 pticent 
of all lightning strokes occur in a downward direction. 
The cloud involved is negatively charged and a cur¬ 
rent surge of up to 20 kA passes between it and the 
earth. Eighty percent of these lightning flashes have 
maximum currents of 50 kA. 7 It is, however, possible 
for several clouds to discharge via the same ionized 
path, in which case currents can exceed more than 
200 kA. (See fig. IE.) The duration of a lightning dis¬ 
charge can be between 0.1 milliseconds and 0.5 sec¬ 
ond, depending on how many subsequent surges are 
induced by the primary discharge. 

Raindrop discharge, also known as precipitation 
static, results from charges transferred between a 
grounded antenna and statically charged raindrops. 
It causes a click-type interference which can be heard 
as an occasional individual click or a uniform white 
noise during heavy showers. Because of the very steep 
slope of this discharge, very high interference ampli¬ 
tudes are generated in the resonant ranges of the an¬ 
tenna. Although the capacitance of a single raindrop 
is only a few pF and is rapidly discharged, the high 
potential and large repetition frequency produce a con¬ 
siderable energy density, as indicated in fig. IF. The 
effect is especially prevalent on the antennas of air¬ 
craft flying through cloud formations. A similar effect 
can be produced by sand or dust storms. 

Pulses from radar transmitters that operate in the 
GHz range (as well as lower frequency over-the- 
horizon radars) are another source of noise. These 
transmitters use relatively short pulses (fig. 1G) and, 
depending on the shape of the keying waveform mod¬ 
ulation, generate sidebands with various frequency 
(amplitude) spectra. Similar to the case of baseband 
pulses, the spectral line spacing of rf pulses is deter¬ 
mined by the repetition frequency. Zero spectrum 
points occur at the reciprocal of the pulse length and 
its multiples. 


effects of pulses on narrow-band 
systems 

A narrow-band system with tuned (resonant circuit) 
amplifiers only enhances frequency components that 
fall within its passband. An individual resonant circuit 
is "shock"-excited to oscillation at its resonant fre¬ 
quency by an impulse slope. The transient duration 
is dependent on the bandwidth, as determined by the 
circuit Q. In the case of multistage amplifiers or mul¬ 
tipole filters, the output pulse delay is dependent on 
the circuit group delay, t g . This increases linearly with 
the number of resonators and is generally measured 
from the input impulse time, t 0 to the time at which 
the output signal has risen to 50 percent of its peak am¬ 
plitude. An approximate formula gives f ff = 0.35N/Af, 
where N is the number of resonant circuits, A f is the 
bandwidth (Hz! and t r = 1 /A f. If different bandwidth 
stages are cascaded, rise time is determined mainly by 
the narrowest filter. The group delay results from the 


INPUT VOLTAGE 1st STAGE (HARD KEYING I 



INPUT VOLTAGE OF LAST STAGE 



OUTPUT VOLTAGE OF LAST STAGE (SOFT KEYING) 



fig. 2. Impulse drive of an rf amplifier with AGO. {Cour¬ 
tesy of M. Martin and VHFCommunications, Spring, 1980.) 
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sum of the individual delay times. 

If short rise time rf impulses are fed to an amplifier 
that has a much longer rise time, three different types 
of responses can occur. 8 

• If the input pulse has duration, t p , longer than the 
transient time t rv , the output signal achieves the full 
amplitude and maintains it for the duration of the drive 
time less the transient time t p -t rv - 

• If t p is equal to trv. the output signal achieves full 
amplitude during time t n , but then immediately starts 
to decay to zero in a period, t rv . 

• If the pulse is shorter than the circuit transient time, 
the response is essentially that of the transient, but 
with an amplitude which only reaches a portion of the 
pulse; i.e., the shorter the pulse, the smaller the am¬ 
plitude produced by the amplifier. In other words, a 
substantial portion of the spectrum of the input pulse 
is not within the bandwidth of the amplifier, and, 
therefore, does not contribute to the output amplitude. 

In many systems an AGC circuit is provided to en¬ 
sure that a large range of input signal voltages is 
brought to the same level at the demodulator output. 
The AGC control voltage is generated subsequent to 
the narrow-band i-f filter. This filter might have a band¬ 
width of from approximately 2 to 12 kHz, correspond¬ 
ing to transient times of about 0.2 to 1 millisecond. 
Earlier stages have much broader bandwidths. This 
means that steep input pulses can drive earlier ampli¬ 
fier stages into saturation before a reduction in gain 
is effected by AGC (whose response time is generally 
longer than the narrow band filter transient response). 
This is especially true in superheterodyne receivers, 
where selectivity is determined in the final i-f, often 
after substantial amplification of the input signal. Thus, 
the audible interference amplitudes may be several 
times stronger than the required signal level after the 
AGC becomes effective. A long AGC time constant 
worsens the situation. It is only when the rise time of 
the input pulse is longer than the AGC response time 
(e.g., during telegraphy with “soft" keying) that the 
output amplitude will not overshoot, as shown in 

fig. 2. 

An effective method of limiting the maximum 
demodulator drive, and thus reducing the output pulse 
peak, is to clip the signal just in front of the demodu¬ 
lator with symmetrically limiting diodes, so that the 
i-f driver amplifier is not able to provide more than the 
limited output level — e.g., 0.7 volts peak-to-peak. It 
is necessary in this case that the AGC detector diode 
be delayed no more than a fraction of this level (cor¬ 
responding to 0.4 volts) so that the clipping process 
does not interfere with AGC voltage generation. Use 
of a separate AGC amplifier, not affected by the 
limiter, will also assure this, and can provide an am¬ 
plified AGC system to produce a flatter AGC curve. 


methods for suppressing interfering 
pulses 

Three different methods are used to suppress inter¬ 
fering pulses: 9 

• Balancers attempt to reproduce the pulse shape 
without the signal in a separate channel, and then per¬ 
form a subtraction from the channel containing both 
signal and pulse. 

• Limiters attempt to prevent the pulse level from be¬ 
coming excessive. 

• Blankers, or silencers, attempt to detect the onset 
of a pulse, and reduce to zero the gain of the signal 
amplifier chain, at an early stage, for the duration of 
the pulse. 

Balancer systems are designed to obtain two sig¬ 
nals in which the signal and noise components bear 
a relatively different relationship to each other. The 
two signals are connected in opposition so as to elim¬ 
inate the noise while keeping the signal. The main 
problems with this type of impulse noise suppression 
are obtaining suitable channels and exactly balancing 
out the noise impulse, which is generally many times 
stronger than the desired signal. 

In commercial service, attempts have been made to 
use different frequency channels with identical band- 
widths to get the same impulse shape, but with the 
signal in only one channel. The difficulties of match¬ 
ing channels and finding interference-free channels 
makes this approach unsatisfactory in most cases. 
Other approaches have attempted to slice the center 
from the pulse (to eliminate the signal) or to use a high- 
pass filter to pass only the higher frequency compo¬ 
nents of the pulse for cancellation. While some de¬ 
gree of success can be achieved with such circuits, 
they generally require very careful balancing and hence 
are not useful when a variety of impulses and circuit 
instabilities are encountered. 

This type of circuit can be useful where the impulse 
source is a local one which is physically unchanging. 
In this case, a separate channel from the normal an¬ 
tenna can be used to pick up-the pulse source with 
negligible signal component, and the gain of the pulse 
channel can be balanced carefully using stable circuits 
(and a feedback gain control channel if necessary). It 
has also been reported that modern adaptive antenna 
systems with sufficiently short response times can sub¬ 
stantially reduce impulse noise coming from directions 
other than the signal direction. 

Since most of the noise terms contain relatively large 
peaks, limiters have been used, especially in a-m 
reception (which includes, of course, telegraph 
through full-carrier voice signals) to clip audio signal 
peaks which exceed a preset level. Figure 3 shows 
a series limiter circuit at the output of an envelope 
demodulator which has proven effective in reducing 
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fig. 3. Schematic diagram of automatic series noise limiter 
circuit. 


audio noise caused by impulse interference. This type 
of circuit makes listening to the signal less tiring, but 
does not improve intelligibility of the received signal. 
The limiting level may be set to a selected percentage 
of modulation by adjusting the tap position of the two 
resistors feeding the limiter diode's collector. If set be¬ 
low 100 percent, the limiting level also limits peaks of 
modulation. Since these seldom occur, such a setting 
is acceptable. 

Because the impulse amplitude is higher and the du¬ 
ration shorter in the early stages of a receiver, limit¬ 
ing in such stages reduces the noise energy with less 
effect upon signal than limiting in later stages. Some 
fm receivers use i-f stages which are designed to limit 
individually, while gradually reducing bandwidth by 
cascading resonant circuits. Such a design eliminates 
strong short impulses early in the receiver, before they 
have had a chance to be broadened by the later cir¬ 
cuits. Such receivers perform better under impulse 
noise conditions than those which introduce a multi¬ 
pole filter early in the amplifier chain. However, wide¬ 
band limiting can reduce performance in the presence 
of strong adjacent channel signals. 

The principles discussed are also applicable to 
data receivers. While the impulse interference is 
stronger than the signal, the signal modulation con¬ 


tributes little to the output. Generally, the data sym¬ 
bol duration is longer than the duration of the input 
impulses. If the impulse can be reduced or eliminated 
before the establishment of final selectivity, only a 
small portion of the signal interval is distorted, and a 
correct decision is much more likely. Consequently, 
limiters at wide bandwidth locations in the amplifying 
chain can result in considerable reduction of error rate 
in a data channel. Again, the possibility of interference 
from adjacent or other nearby channel receivers must 
be considered. 

Impulse noise blankers are based on the principle 
of "opposite modulation." In effect, a stage in the sig¬ 
nal path is modulated so that the signal path is blanked 
by an amplitude modulation process for the duration 
of the interference. It is also possible to use a frequen¬ 
cy modulation method in which the signal path is shift¬ 
ed to a different frequency range. This latter 
procedure 10 uses the attenuation overlap response of 
i-f filters in a double superheterodyne. The second os¬ 
cillator is swept several kHz from nominal frequency 
for the duration of the interference so that the gain 
is reduced to the value of the ultimate selectivity in 
accordance with the slope of the filter curves. This 
method is especially useful since the switching spikes 
which often accompany on-off modulation should not 
be noticeable. However, when using an fm modula¬ 
tor having high speed (wide bandwidth), components 
can appear within the second i-f bandwidth from the 
modulation. The most stringent limitation of this 
method is the requirement for two identical narrow- 
band filters at different frequencies along with an in¬ 
termediate mixer. This technique is limited to a dou¬ 
ble conversion superheterodyne with variable 
frequency first (local) oscillator. 

When using an amplitude modulation method, two 
types of processing are possible: 

(A)The interference signal is tapped off in parallel 
at the input of, the system and increased to the trig¬ 
ger level of a blanker by an interference channel am¬ 
plifier having a pass bandwidth which is far different 
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from the signal path. This method is effective only 
against very wideband interference, since noticeable 
interference energy components must fall into the 
passband range to cause triggering. This method will 
not be effective in the case of narrow-band interfer¬ 
ence, such as radar pulses, which are within or directly 
adjacent to the frequency range to be received. 

(B)The interfering signal is tapped off from the re¬ 
quired signal channel from the mixer and fed to a fixed- 
frequency, second i-f amplifier, where it is amplified 
up to the triggering level. 2 3 Since there is danger of 
crosstalk from the interference channel to the signal 
amplifier channel, it is advisable to have a frequency 
converter stage in the interference channel. This would 
process the interference at a different frequency than 
the signal i-f. In using this method, make sure that no 
switching spikes generated during the blanking proc¬ 
ess are fed back to the interference channel tap-off 
point. If they are, there will be danger of pulse feed¬ 
back. The return attenuation must, therefore, exceed 
the gain in the interference channel between the tap¬ 
ping point and the blanker. 

The blanker must be placed ahead of the narrowest 
i-f filter in the signal path. It must provide blanking ac¬ 
tion before the larger components of the transient have 
passed this filter. Therefore, we must assure a small 
group delay in the interference channel by use of a 
sufficiently broad bandwidth and a minimum of reso¬ 
nant circuits. It is desirable to insert a delay between 
the tap-off point and the signal path blanker so that 
there is sufficient time for processing the interference 
signal. If this is done, it is not necessary to make the 
interference channel excessively wide, while still as¬ 
suring the suppression of the residual peak. 

Figure 4 is the block diagram of a superheterodyne 
that uses this type of impulse noise blanker. Figure 
5 illustrates its operation in the presence of a strong 
interfering radar pulse. An essential part of the blanker 
is the use of a gate circuit that can operate linearly 
over a wide dynamic range. Figure 6 shows such a 
gate, using multiple diodes. The circuit is driven by 
a monostable flip-flop which is triggered by the noise 
channel. Figure 7 is a schematic of a noise blanker 
circuit designed along these lines. When the noise 
channel is wider than the signal channel, this type of 
noise reducer can also have problems from interfer¬ 
ing signals in the adjacent channels. 

squelch circuits 

Sensitive receivers produce considerable noise volt¬ 
age output in the absence of a signal. This condition 
can occur when tuning between channels or when the 
station being monitored has intermittent transmis¬ 
sions. At the audio output the noise can be annoying 
and, if repeated frequently, fatiguing. To reduce this 



fig. 5. Observed signal waveforms in a superheterodyne 
receiver that uses an impulse noise blanker. 


problem, circuits are often provided to reduce the out¬ 
put when a signal is not present. These circuits have 
been referred to as squelch, muting, and quiet A VC 
(QAVC) systems. The choice of which circuit to use 
depends on the received signal characteristics. 

Squelch circuits for a-m receivers generally operate 
from the AGC control voltage. When a weak signal 
or no signal is present, the voltage on the AGC line 
is at its minimum and receiver gain is maximum. When 
a usable signal is present, the AGC control voltage 
rises to reduce the receiver gain. The voltage varia¬ 
tion tends to rise approximately logarithmically with 
increasing signal levels. By using a preset signal level 
threshold, it is possible to gate off the audio output 
signal whenever the signal level drops below this point. 
Such a system can be used to mute the receiver dur¬ 
ing the tuning process. The threshold may also be set 
for the level of a particular signal with intermittent 
transmissions, so that noise or weaker interfering sig¬ 
nals are not heard when the desired signal is off. When 
the transmission medium causes signal fading, as is 
common at hf, squelch circuits are somewhat less ef¬ 
fective for this use because the threshold must be set 
low enough to avoid squelching the desired signal dur¬ 
ing its fades. This provides a smaller margin to pro¬ 
tect against noise or weaker interfering signals. 
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fig. 6. Schematic diagram of blanker gate with high dynamic range. 


A typical a-m squelch system is illustrated in figs. 
8 and 9, where a diode gate is used to reduce the out¬ 
put signal. Many types of switches have been used 
for this purpose, including biasing the demodulator di¬ 
ode and biasing one element of a multi-element am¬ 
plifying device. The latter approach was frequently 
used with receivers that employed multigrid vacuum 
tube amplifiers. However, it can be applied to mul¬ 
tigate FET amplifiers or balanced amplifier ICs with 
current supplied by a transistor connected to the com¬ 
mon base circuit of the amplifying transistor pair. Fig¬ 
ure 10 shows these alternate gating techniques. 

Many fm receivers do not use AGC circuits, but de¬ 
pend on circuit limiting to maintain the output level 
constant from the demodulator. In this case, squelch 
may be controlled by the variations in voltage or cur¬ 
rent which occur in the limiter circuits. Such changes 
occur when single-ended amplifiers are used for limit¬ 
ing, but may not be so readily available in balanced 
limiter arrangements. Furthermore, the wide range of 
threshold control provided by AGC systems is gener¬ 
ally not available in limiters. This tends to make fm 
squelch systems, which are dependent on the signal 
level, more susceptible to aging and power supply in¬ 
stabilities than AGC operated systems. Consequent¬ 
ly, two other types of control have evolved for fm use: 
noise-operated and tone-operated. (The latter could 
be used for a-m, also.) 

Figure 11 is a block diagram of a noise-operated 
squelch. This system makes use of the fact that out¬ 
put noise characteristics from a frequency demodula¬ 
tor change when no signal is present. At the low 
output frequencies, when noise alone is present in the 
fm demodulator, there is a high noise level output, 


comparable to that at other frequencies in the audio 
band. As the strength of the (unmodulated) signal 
rises, the noise at low frequencies decreases, while 
the noise at higher frequencies decreases much less 
rapidly. 

If in fig. 11, the squelch low-pass filter cuts off at, 
say, 150 Hz, it will be uninfluenced by modulation 
components. If the gain of the squelch amplifier is set 
so that the squelch rectifier produces 5 volts when 
S/N = 0, then a 7-dB signal level will cause this out¬ 
put to drop to about 0.03 volts. A threshold may read 
ily be set to cause the squelch gate to open at any 
S/N level between -3 dB and 7 dB. Because the con¬ 
trol voltage level is dependent on the gain of the rf, 
i-f, and squelch amplifiers, variations in squelch thresh¬ 
old may occur as a result of gain variation with tuning 
or because of gain instabilities. If a second filter chan¬ 
nel (fig. 12) tuned above the baseband is used, the 
two voltages can be compared to key the gate on. 
While both are subject to gain variations, their ratio 
is not. Better threshold stability results. A similar tech¬ 
nique has been proposed for SSB voice, where noise 
density is uniform, but modulation energy is greater 
below 1 kHz. 

With the difference approach, the range of thresh¬ 
old control is, however, limited. A weak interfering sig¬ 
nal which would produce negligible interference with 
the desired signal may still operate the squelch gate. 
Tone-operated squelch was devised to overcome this 
problem. A small-deviation, low-frequency tone (lower 
than the modulation frequencies) is added to the trans¬ 
mitted signal. At the receiver, a narrow-band filter is 
tuned to the tone, and its output is amplified and rec¬ 
tified to operate a trigger for the squelch gate. 
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fig. 12. Block diagram of improved noise-operated squelch 
circuit for fm. 
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fjg. 11. Block diagram of noise-operated squelch circuit for 
fm receiver. 


However, in some commercial communication sys¬ 
tems, with multi-user net operation on one frequen¬ 
cy, a coding scheme known as selective call (SelCall) 
has been devised so that users need receive only those 
messages directed toward them. In this type of sig¬ 
naling scheme, the caller sends a multitone or digital 
code at the beginning of the message to indicate the 
identity of the called party or parties. Only if the re¬ 
ceiver code matches the transmitted code is the out¬ 
put gate enabled to transmit the message to the 
receiver user. This type of system may be used with 
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both analog and digital modulations, and is indepen¬ 
dent of the modulation type (a-m, fm, pm) used for 
transmission. This method is more elaborate than nor¬ 
mal squelch systems, but performs an important func¬ 
tion in multi-user nets. 

conclusion 

Several of the basic techniques and their circuits 
used to handle the introduction of noise in receiving 
systems have been described. While this discussion 
is by no means all-inclusive, it is nevertheless indica¬ 
tive of some of the basic approaches taken to solve 
this problem. 

references 

1. J. R. Corson, ''Reduction of Atmospheric Disturbances,” Proceedings of 
the i. R. C ., Volume 16, No. 7, July, 1928, page 966. 

2. M Martin. "Die Sto/austastung.” cq-DL , November, 1973, page 658. 

3. M Martin,, "Moderner Storaustastor mil holier Intermodulationsfes 
liylicit.” cq-DL. July. 1978, page 300. 

4. M. Martin, "Modernes Emyanystuil fur 2-m-Emplaner mil grosser! Dy 
namikbereich.” UKW Berichte. Volume 18. No 2, 1978, page 116. 

5. M Martin. "Empfangereinganysteil mit grossem Dynarnikbereich.” cq- 
DL, June, 1975, page 326 

6. M. Martin,. “Grosssignalfester Storaustoster fur Kurzwellen-und UKW 
Empfanger mil grossem Dynarnikbereich, UKW Berichte, Volume 19. No. 
2, 1979, page 74, 

7. K. Berger and E. Vogelsanger. "Messungen und Restiltate der Blitzfor 
seining der Jahre 1955-63 aut dern Monte Salvatore," Bulletin SEV. No.56, 
January 9, 1961, page 2. 

8. R. Feldtkeller, Rundfunkstcbschahungcn, Hirzel Verlag, Leipzig, 1945. 

9. T T N, Bucher, A Survey of Limiting Systems fur the Reduction of Noise 
in Communication Receivers, {Internal Report TR-876}, RCA Victor Division, 
Radio Corporation of America. June 1, 1944. 

10 R T. Hart, "Blank Noise Effectively with FM," Electronic Design. No. 
18, September 1. 1978, page 130. 

11. J.S. Smith, "Impulse Noise Reduction in Narrow Band FM Receivers: 
A Survey of Design Approaches and Compromises," IRE Transactions, Vat 
time VC- / /. No. 1. August 1962. page 22. 

ham radio 


RETURN OF 


station 

log book number 
from to 



AN OLD 
FAVORITE 


AVAILABLE NOW! 

$2.95 each — 3 for $6.95 

Please enclose S3.50 
Shipping and handling 


Ham Radio’s Bookstore 

Greenville, NH 03048 




22 GS November 1986 






This tiny set — built around 
a TV colorburst crystal — 
pulls in W1AW and fits 
in the palm of your hand 



a simple 80 -meter receiver 


Back in the good old days when AM reigned over 
the phone bands, many beginners built simple, one- 
tube receivers. As AM faded, however, so did the one- 
tube receiver; the more complex designs required for 
CW, SSB, and FM were beyond the skills of most be¬ 
ginners. This article describes an easy-to-build receiver 
for W1AW code practice and bulletins on 3.58 MHz, 
following a basic approach that minimizes construc¬ 
tion difficulties, yet provides the satisfaction of build¬ 
ing a useful accessory for even the most experienced 
Amateur. 

Direct conversion receivers have been popular for 
some time now for CW and SSB. The complexities 
in the published designs for these units lie mainly in 
the tuning; the bandspreading and stability necessary 
to tune in SSB or separate crowded CW signals are 
difficult to achieve simply. Use of narrowband audio 
filters puts even tighter constraints on tuning. 

Some time ago, I noticed that 3.5795-MHz TV color- 
burst crystals are in the 80-meter CW band, close to 
the 3.58-MHz frequency used by W1AW for code 
practice and bulletins; the difference in frequencies is 
a usable audio note. A crystal-controlled direct con¬ 
version receiver has sufficient stability for CW work, 
requires no tuning (because only one frequency is 
desired) or narrow filters (because 3.58 MHz is, rela¬ 
tively speaking, in the "wide open spaces"). The con¬ 
cept seemed useful, since a dedicated W1 AW receiver 


would be a handy accessory as part of any code prac¬ 
tice program. For areas where W1AW reception isn't 
reliable on 80 meters, other 80-meter crystals can be 
used for reception of other stations. Possibilities in¬ 
clude W60WP code practice on 3.59 MHz, which is 
heard on the West Coast, and perhaps local slow- 
speed CW net frequencies. 

The receiver RF section fits on a small PC board 
which, in turn, fits nicely into the case of a small au¬ 
dio amplifier available from Radio Shack. This $12 off- 
the-shelf amplifier provides the case, more than ade¬ 
quate audio gain, a loudspeaker, earphone jack, 
volume control, and battery. 

Although the receiver is battery-operated and fits 
easily in the palm of your hand, it does require a full- 
size antenna. For portable use, a pair of 25-foot long 
wires connected as a dipole should suffice. For sta¬ 
tionary use, an 80-meter dipole (135 feet overall) would 
be better. 

circuit description 

The receiver shown in fig. 1 is a direct conversion 
type with a preselector, mixer, and local oscillator. The 
preselector passes 80-meter signals and rejects all 
others. The mixer combines the received signal with 

By Ed Gellender, WB2EAV, 28-37 212 Street, 
Bayside, New York 11360 
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the oscillatpr output and provides an audible beat note, 
or difference frequency. 

The ARRL Handbook shows several mixer circuits 
using the RCA CA3028 integrated circuit. The CA3028 
consists of a differential amplifier and a common 
current source. All the published designs use the 
differential amplifier as a mixer and the current source 
transistor to buffer the local oscillator. Because we're 
using a crystal, the stability is good enough so that 
a buffer isn't needed, and we benefit from the 
simplification of using the current source transistor as 
the local oscillator. 

The oscillator circuit is the classic Colpitts design, 
using phase-shift network C3, C4, and Y1 to feed 
signals from the emitter back to the base of the 
transistor. For the TV colorburst crystals specified to 
oscillate reliably, large values of C3 and C4 are 
required. As a result the crystal will oscillate just slighty 
above its series resonant frequency. If other crystals 
are used, their series resonant frequency should be 
about 1 to 1.5 kHz below the desired reception 
frequency. 

Preselector LI, L2, Cl, C2 resonates at 3.58 MHz 
with a loaded Q of approximately 15. C6 is an RF 
bypass capacitor that maintains U1 pin 5 at RF ground. 
The differential amplifier is driven by the RF input so 


that currents into pins 6 and 8 alternate at the input 
frequency. The total current shared by pins 6 and 8 
varies with the local oscillator frequency. Nonlinearities 
in the base-emitter junctions result in a difference 
frequency appearing at pin 6. R2 and C5 form a low- 
pass filter to remove both the input and oscillator 
frequencies and pass the audio beat note. C7 is a DC 
blocking capacitor. 

The audio is brought to the audio amplifier, which 
uses a single transistor preamplifier driving an LM386 
amplifier 1C. According to the amplifier data sheets, 
the amplifier sensitivity is 1 mv and maximum output 
is 200 mw. These specifications match the desired 
performance quite well. Purists might object to buying 
such a large part of the receiver ready-made, but 
practical considerations don't permit missing such an 
opportunity. As purchased, the amplifier's upper 
frequency response is about 10 kHz — too high for 
our purposes. But by changing one capacitor, we 
reduce the audio bandpass to a more usual 3 kHz. 

constructing the RF board 

The RF board is a 3/4-inch x 2-1 /8-inch PC board, 
although a hand-wired board of those dimensions is 
suitable. The PC artwork is shown in fig. 2 and the 
components layout in fig. 3. Be sure to install U1 as 
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fig. 2. Full-size pc pattern is shown from the DIP side. 


shown in the parts location diagram. The tab is over 
pin 8 (pins are numbered clockwise when viewed from 
the bottom). Bend the leads with a pair of needle-nose 
pliers to fit the hole pattern. 

Coils LI and L2 are wound on an Amidon Associates 
T50-2 ferrite toroid (see fig. 4). It must be wound as 
shown to fit the PC board pattern. To wind LI, take 
a 3-foot length of 30 gauge enameled magnet wire and 
tightly wind 50 turns. This should occupy about 2/3 
of the core and use about 30 inches of wire. Don't 
forget to leave pigtail leads on each end. Similarly wind 
L2 in the remaining empty part of the core. Before 
soldering, scrape the insulation off the wire pigtail 
leads with a razor blade. A few drops of glue (such 
as Duco Cement ") can later be used to hold it to the 
board. 

The crystal specified, an HC-18/U type, is soldered 
to the board. The miniature crystal lends itself well to 
this construction, but if one wishes to use other crystal 
types, there's no reason short wires couldn't be used 
to connect a larger crystal or a crystal socket. If other 
crystals are used, however, the values of C3 and C4 
might have to be changed for the oscillator to start 
reliably. 

If a single small package isn't necessary, or if you 
want to, breadboard the RF board differently, a 
separate RF breadboard can be used (see fig. 5), with 
the audio output brought to a miniature phone plug 
that fits into the audio amplifier input jack. If separate 
9-volt batteries are used, the audio amplifier used 
should not be modified (except for adding a 
recommended 0.01 /iF capacitor described below). 

modifying the amplifier 

The Radio Shack Audio Amplifier must be modified 
slightly before the RF section is added. First, lift the 
audio amplifier PC board out of the cabinet. To do this, 
unscrew the two knurled nuts from the outside of the 
two miniature phone jacks and unscrew the small 
phillips-head screw at the top of the unit. Then, while 
applying finger pressure to "belly-out" the plastic case 
away from the phone jacks, lift the board from the 
loudspeaker side. 

To install the antenna jack, carefully drill a ’A-inch 
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fig. 4. A simplified sketch illustrates the winding procedure 
for coils LI and L2 on an Amidon toroidal core. 


hole through the top center of the cabinet and install 
J1, an RCA-type phono jack. Be sure to use the 
ground lug. 

The input jack is of the shorting type and must be 
modified. Unsoldering the jack and removing it is one 
possibility. Another possibility is to cut the land 
between the center terminal of the input jack and the 
volume control. A third possibility, which allows the 
amplifier to be used for other purposes, is simply to 
leave an open-circuited miniature phone plug in the 
input jack. Solder an insulated wire 3 or 4 inches long 
to the land between the volume control and input jack, 
on the volume control side of any out lands. This is 
the audio connection lead and is soldered to the pad 
on the RF board connected to C7. 


November 1986 03 27 










fig. 5. Few leads are needed to interconnect the rf board 
to the resl of the circuit. 

One optional but recommended modification is to 
remove the 0.0033 /<F capacitor located in front of the 
small plastic transistor and replace it with a 0.01 /(F 
ceramic capacitor. This reduces the audio frequency 
response to about 3 khlz. eliminating much noise. 

Now add the remaining wires to the RF board. 
Connect a ground wire from the large ground plane 
in the center of the audio board to the ground pad on 
the RF board near C7. Connect another ground wire 
from the ground lug on the phono jack at the top of 
the cabinet to the ground pad at 12. Connect a wire 
for the switched +9 VDC from the bare jumper 
between the two phono jacks to the 9-volt pad on the 
RF board, near C8. Finally, connect a wire from the 
center conductor of the phono jack on the top of the 
cabinet to the antenna pad at 12 (see fig. 6). 

Reinstall the amplifier board in the case (it goes in 
more easily than it came out). Place the RF board, 
vertically, in the open space on the other side of the 
loudspeaker. LI should be near J1 and C8 neat the 
battery. A grommet or suitable non-conductive spacer 
placed between the top of U1 and the side of the 
loudspeaker will hold the RF board in place. 

operation 

Connect a 9-volt battery to the battery clip in the 
amplifier. Turn on the amplifier with the volume 
control. Check the pins of U1 for the DC voltages 
shown on the voltage chart. The amplifier should 
output a low hissing noise from the speaker with the 
volume turned up. If another receiver is available, listen 
for the oscillator signal at 3.58 MHz. 

Connect the receiver to a suitable antenna. The 
background noise should increase noticeably as the 
atmospheric noise in the 80-meter band overrides the 
internal noise. Signals may be heard. Variable 


fig. 6. Sufficient space is available in the Radio Shack au 
dio amplifier for mounting the rf board. 

capacitor C2 is set for strongest reception of the 
desired signal. Note that for some antennas, the best 
adjustment of C2 may cause the mixer stage to 
oscillate when the antenna is removed, as indicated 
by a raspy signal. If oscillations occur while the 
antenna is connected, slightly detuning C2 is all that's 
necessary. 

Private listening is possible, using an earphone with 
a 1/8-inch phone plug; these are often supplied with 
broadcast radios, but are also available separately. 

performance 

The receiver is capable of detecting signals far below 
the atmospheric noise level in the 80 meter band, so 
sensitivity is not a problem. With strong signals, room¬ 
filling volume is available from the loudspeaker. There 
are no controls other than the volume control. Because 
of the lack of tuning and filtering, interference from 
nearby signals can be a problem. However, in the 
"wide open spaces" at 3.58 MHz, this won't be 
encountered often. 
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receiver tuning mechanism selection 


What tuning system 
to use? Read on. 

One of the critical steps in designing a communica¬ 
tions receiver involves deciding what tuning system will 
be used. Part of this decision includes determining the 
tuning rate (kHz covered per turn of tuning knob), band 
coverage (kHz covered over an entire band), and tuning 
direction.* 

Several related details must also be considered. For 
example, in selecting the tuning rate, it's also necessary 
to choose the appropriate knob; a crankshaft knob 
generally offers smoother tuning than a round knob of 
the same diameter. Similarly, the band coverage select¬ 
ed will be related to the mechanism reduction ratio and 
to the tuning rate. 

Because most modern receivers have digital readouts, 
the probability of ending up with opposite-direction dial 
scales (as a consequence of conversion schemes) is slim, 
but is something to remember in case analog dial 
readouts are used. 

tuning mechanisms 

It's necessary to decide, early in the design stage, 
whether tuning will be via permeability or capacitance 
variation. 

Permeability tuning offers the advantage of no slid¬ 
ing electrical contacts. It's probably the easiest system 
to build if you don't have an elaborate workshop. Induc¬ 
tance variation is achieved by moving a ferrite core in and 
out of a coil of large length-to-diameter ratio, generally 
5:1 or more. The best linearity over the frequency range 
occurs when the core is about30 to40 percent inside the 
coil. Movement consists of the rotation of a threaded 
shaft, to which one or more springsare attached to elim¬ 
inate thread backlash and lateral movement. By simply 
selecting a particular thread pitch and designing the coil 


winding accordingly, frequency coverage and tuning 
rate can bedesigned to meet specific requirements. Very 
often a combination of series and parallel coils is used 
to achieve the desired coverage. 

Using a 6-32 threaded shaft and a 1 /4-inch diameter, 
1 -inch long coil, one can easily build a VFO into a 1 x 1 
x2-inch box. Figure 1 shows the basic construction; the 
VFO printed circuit can befitted below the coil, fastened 
to the 1/8-inch aluminum bracket housing the VFO 
itself. 

Construction details for a 5- to 6-MHz permeability 
tuned VFO is shown in reference 1. 

Multicoil setups used in receiver front ends can also 
be built using the same concept, even though mechan¬ 
ical difficulties tend to increase as the number of coils in¬ 
creases. Regardless of the number of coils, end stops 
must be used at both coil ends to avoid damaging the 
mechanism or having the ferrite core fa II off the thread¬ 
ed shaft. 

An alternative method of permeability tuning (fig. 2) 
is spring-loading the ferrite core against a cam moved 
by the tuning shaft. In pre-digital days, this technique 
allowed one to linearize the VFO by filing the cam pro¬ 
file rather than by adjusting the coil winding. 



*An unwritten convention prevails, clockwise rotation increases frequency. In 
some British and Japanese sets, however, counterclockwise rotation increases 
frequency 


ByG. "Jack"Perolo, PY2PE1C, P.O. Bo x2390, 
Sao Paulo, Brazil 
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With digital readout receivers, this method offers no 
substantial advantage over the standard mechanism 
shown in fig. 1 , except for the simplicity inherent in de¬ 
termining the two end stops. Otherwise it's more 
mechanically complex. 

Capacitance variation is possibly the most widely 
used system for receiver tuning. 

The drum and chord is standard in older receivers, 
and many portable units. Readily-available, low-cost 
drums and variable capacitors with bearings at both ends 
make this one of the easiest tuning mechanisms to 
homebrew. Results are excellent, particularly if stainless 
steel chord, rather than plastic or synthetics are used. 
One convenient feature of this system is its ability to slip 
at both tuning ends, thus providing a built-in safety 
device to avoid damage to the variable capacitor. One 
disadvantage of the method, however, is that the reduc¬ 
tion ratio is somewhat limited, seldom exceeding 30:1 
or 40:1 over 360 degrees. 

Many types of vernier reducers are available. These 
are primarily based on a row of steel balls rotating on an 
inner and outer machined groove. The difference in di¬ 
ameter between the inner and outer ball races provides 
the reduction effect, which seldom exceeds 10:1. Jack- 
son Brothers, a British manufacturer with distributors 


in the United States, offers an extensive line of verniers; 
a good unit to use is their Model 5857, depicted in fig. 3. 

Some manufacturers build the vernier right into the 
variable capacitor shaft, making the whole tuning mech¬ 
anism quite compact, though the reduction ratio is low. 
In both cases the reduction ratio is generally too small 
for serious communications work. For instance, if one 
does not want to cover more than 50 kHz per turn 
(remember, the full capacitance swing of a variable takes 
place in about 160 degrees) a vernier with a 10:1 ratio will 
offer only 160 degrees/360 degrees times 10 turns, or ap¬ 
proximately 4.4 turns for the total swing of a standard 
capacitor, thus limiting the band coverage to 4.4 turns 
times 50 kHz per turn, or 220 kHz. 

Another limitation is aging. With aging, the vernier 
tends to slip or todevelop backlash, especially if the vari¬ 
able capacitor in use requires high torque to rotate. 

Gear reduction, widely used in commercial and 
professional equipment, can be of the parallel or worm 



fig. 4A. Typical single worm gear reducer. The input shaft 
is mounted in precision ball races: the output shaft, in self- 
lubricating bearings. The final assembly is packed in 
grease having a temperature range of - 34 to +150 C. 
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fig. 4B. Shaft arrangements of single worm gear reducers. 


32 E 3 November 1986 












fig. 6. Pinch rim drive can be home-built from aluminum 
or brass round stock. The spring should be made of spring 
wire measuring approximately 0.025 inches in diameter 
and wound in five to eight turns on a 3/16-inch diameter 
drill. 


gear variety. In both cases, the gears must be spring- 
loaded to eliminate backlash. Both systems can offer any 
reduction ratio but, for the same reduction ratio, paral¬ 
lel gear reducers tend to be bulkier. From an Amateur 
standpoint, the availability of parallel gear reducers is 
more limited, and new reducers tend to be expensive — 
i.e., in the range of $50 to $80. 

A specialized parallel gear reducer is an epicyclic drive, 
in which the outer (larger) gear is an "internal" gear. 
(This means that the teeth protrude inward, rather than 
outward, as on standard gears.) Its most popular form 
is the unit used in the National HRO series. The epicy¬ 
clic drive can be home-built or purchased from a 
manufacturer of precision gears for between $75 and 
$ 100 . 

One limitation of this system is its low reduction ratio, 
which seldom exceeds 15:1 for360degrees rotation. A 
wide variety of worm gear reducers with ratios in the 
range 20:1 to 100:1 is available on the surplus market; 
an entire set can be bought for just $10 or $15. Howev¬ 
er, because these units are quite old, the tuning mech¬ 
anism may show some wear and may have developed 
backlash. Furthermore, by today's standards, these 


mechanisms aregenerally heavy and bulky, and will re¬ 
quire mechanical adaptation if they're to be used in a 
modern project. 

Used extensively in industrial instrumentation and aer¬ 
ospace applications, new worm gear reducers are avail¬ 
able from several suppliers. Versions with ball bearings 
on both input and output shafts, housed in sealed, 
lubricated-for-life assemblies, offer a truly superb, "vel¬ 
vet" feeling (figs. 4A, 4B). Made by Muffett. Ltd. (UK), 
they're distributed in the United States by Sterling In¬ 
struments of New Hyde Park, NewYork. Thesizemost 
compatible with ham gear is No. 2, which is offered in 
reduction ratios up to 100:1, at about $75. 

Another interesting item is a double worm gear 
reducer, which consists of two reducers cascaded inside 
the same assembly, thus offering very high reduction ra¬ 
tios (up to 10,000:1) that may be used for specialized ap¬ 
plications (fig. 5). On all worm gear reducers, because 
of their high reduction ratio, means must be provided to 
have end stops at both ends of the variable capacitor ex¬ 
cursion to avoid damage. 

Pinch-rim drives. In this method, a disc is mounted on 
the variable shaft and the tuning shaft pinches laterally 
the periphery of the disc with two spring-loaded discs 
of much smaller diameter. The system slips automati¬ 
cally at the variable end stops, providing a safety feature 
at both ends. It can be home-built with limited mechan¬ 
ical means, "turning" it on a hand drill fastened to a 
bench vise and making the main disc out of thin alumi¬ 
num sheet or plastic. (See fig. 6 and reference 2.) As in 
the case of the ball vernier, however, a limitation is the 
reduction ratio, which seldom exceeds 10:1 or 15:1 over 
a 360-degree rotation. 

This system is sometimes cascaded with a gear reduc¬ 
tion system that provides a clutching (slipping) action 
at both ends, resulting in "velvet” tuning. 

conclusion 

Early in the design of any communication gear, the 
homebuilder must decide on whether the tuning system 
will be of the variable L or C variety. While variable L is 
probably easier to build, the system is not as popular as 
it could be, mainly because even though the mechani¬ 
cal work required is limited, one can find a commercial 
vernier and variable capacitor rather easily these days. 
One word of caution: it's practically impossible to build 
a zero-backlash, high-frequency VFO with variable C un¬ 
less the capacitor shaft has bearings at both ends. Stan¬ 
dard trimmers or transmitting variable capacitors are 
bushing-mounted and generally show backlash in one 
of two ways. Either the rotor bushings are quite tight (to 
avoid the shaft fitting loosely in the bushing), with back 
lash developing in the tuning system as the torque re¬ 
quired to rotate the shaft exceeds the rating of the 
reducer, or the rotor bushings aren't tight. In the latter 
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case, backlash develops within thevariable capacitor it 
self because of the rotor's wobbling in and out of the sta¬ 
tor. I take it as a rule that for decent communications 
work to be performed, the variable capacitor must \iave 
bearings at both ends. 
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Achieve better noise floor 
and "crunch-proof” performance 


upgrading the Ten-Tec Argosy 


This article proves two things: first, that outstanding 
results can be obtained by choosing inexpensive, well- 
designed equipment and second, that there's still room 
for hams to make worthwhile improvements to their 
transceivers. Owners of the original Ten-Tec Argosy 
who’d like to hear weak signals in the presence of power 
ful adjacent signals without "popping" and intermodu¬ 
lation distortion may find it especially useful. 

With several thousand in operation around the world, 
the Argosy is particularly attractive for the CW QRP 
operator. It can also serve as a low-cost base station 
transceiver which can drive a high-gain linear amplifier 
to 1000 watte output on most bands. 

■ Although my Argosy was a good performer in many 
respects, I decided that it could be improved. For exam 
pie, with DX propagation only marginal (given the cur¬ 
rent sunspot cycle), its noise floor was so high that DX 
signals of S3 (approximately 0.8 /iV rms in a 50-ohm sys- 
tem) and below were obscured. In addition, the receiver 
desensitized 100 kHz away from a signal generated by 
a station located no more than a mile from my QTH. 

The modifications described here will improve the 
noise floor, compression point, intercept point, and 
AGO. characteristics of the Argosy receiver, as well as 
the transmitted characteristics of its SSB signal. They 
will also add digital versatility to the unit by replacing the 
analog dial with a precise four-digit display capable of 
reading the transceiver's frequency with an accuracy of 
± 10 Hz. 

Critical listening and laboratory tests comparing a 
modified Argosy with an unmodified one have shown 


that these modifications result in significant improve¬ 
ment (fig. 1). The test results (table 1) show clear im¬ 
provement in the areas of minimum discernible signal 
(M DS); two- tone, spurious-free dynamic range (SFDR); 
and blocking dynamic range at only 5 kHz from the in 
terfering signal, with the latter showing an impressive 
30-dB improvement over the unmodified Argosy. After 
the modification, on-the-air tests allowed copy ol weak 
CW DX stations of S3 and below as close as2.5 kHz from 
WB0NHD, less than a mile from my QTH and running 
a full kilowatt with his antenna pointed in my direction! 



I fig. 1. Laboratory setup used for testing the dynamic range of 
the two Argosys. The tests were performed with two tones at 
14.020 and 14.040 MHz. Third order product was recorded at 
14.060 with the help of a true RMS voltmeter. 

By Cornell Drentea, WB3JZO, 7140 Colorado 
Avenue North, Minneapolis, Minnesota 55429. 
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fig. 2. Replacing C34on the IF/AFboard improves the minimum 
discernible signal (MDS) of the receiver. See text. 


While some of these changes werecommunicated to 
the manufacturer and reportedly incorporated in the 
production of the recently-released Digital Argosy, own-. 
ers of this unit may wish to perform those modifications 
not implemented by the manufacturer. 

The changes described in this article are within the 
reach of any technically inclined Amateur and can be im¬ 
plemented totally or partially as desired. However, I 
recommend that you have a good understanding of how 
the Argosy works before proceeding with the modifica¬ 
tions. I've tried todescribe the modifications in sufficient 
detail here; because of limited time, neither Ten-Tec nor 
I will be able to provide additional information. For a bet¬ 
ter understanding of this article, it would be wise to read 
the owner's manual as carefully as possible. 

improving the noise floor 

Aspreviouslystated, one of the most annoying prob¬ 
lems associated with my Argosy's receiver performance 
was its high noise floor that obscured weak stations. 
While this was not apparent on strong signals, the hiss 
greatly reduced the overall intelligibility of many CW and 
SSB signals. 

Several calls and a face-to-face discussion at the Day- 
ton Hamvention with Ten-Tec engineers offered some 
possible solutions. After several unsuccessful trials, I 
proceeded on my own to find out what was wrong with 
the receiver. A few hours of analysisand careful isola¬ 
tion of stages revealed, much to my surprise, that the 
problem was caused by a design glitch in a totally differ¬ 
ent area of the receiver. The audio low-pass filter (R47, 
C34 following the product detector, Q3, which is locat¬ 
ed on the i-f/af board 80785) had a corner frequency of 
3.28 kHz, which would have been a good choice if at¬ 
tenuation were steep beyond this point. However, this 
was only a simple first-order low- pass filter with an at¬ 
tenuation slope of 6 dB per octave, which was incapa¬ 
ble of preventing BFO noise sidebands of up to 10 kHz 
from spilling into the high gain audio amplifier of the re¬ 
ceiver after being mixed down to audio frequencies in 
the product detector . This, in turn, superimposed an an¬ 


Table 1: Comparative dynamic range tests between an 
unmodified and a modified Argosy were performed un¬ 
der laboratory conditions. Tests were performed in the 
14-MHz CWband with all crystal and audio filters "in", 
and the noise blanker out of the circuit. 

Spec 

Unmodified 

Modified 

MDS 

- 126 dBm 

138 dBm 

Blocking dynamic 
range, 5 kHz 
from the intcrfer- 



ing carrier 

103 tiB 

133 dB 

Spurious free dy 
namic range 
(SFDR) two 
tone, third-order 

20 kHz spacing 

80 dB 

98.5 dB 


noying hiss over all the received signals and obscured 
signals below S3. Once the problem was found, the fix 
was simple. Changing C34 from 0.01 to 0.1 started the 
corner frequency of the low-pass filter at 338 Hz, allow 
ing enough roll-off beyond 3 kHz, cancelling the annoy¬ 
ing noise and making a dramatic improvement in the 
signal-to-noise performance of the receiver. Although 
one might suspect that the 6-dB roll-off of the new fil¬ 
ter with a corner frequency of only 338 Hz might affect 
the overall audio response of the receiver, this was not 
thecase. Theaudio frequency response measurements 
performed after the modification was made showed a 
flat response over the entire audio range of interest (600 
Hz to 2800 Hz). 

This was due to compensation in the audio gain of the 
receiver inherent in the original design. With the prob¬ 
lem fixed, the rig worked so well that I decided to share 
the information with Ten-Tec, whose engineers quick¬ 
ly calculated the new corner frequency, tested the 
change, and concluded that it made a ''radical'' differ¬ 
ence in the noise floor performance of the receiver. 

Figure 2 shows the location of C34 in the transceiver. 
While it's not necessary to completely remove this ca¬ 
pacitor (one can parallel the new capacitor on top of the 
board), doing so involves simply removing the board — 
just unplug all connectors, remove all metal screws, and 
replace C34 with a 0.1 /iF ceramic capacitor rated at a 
voltage greater than 25 volts. Slide the board back into 
place. This modification should take no more than 10 
minutes. (Be careful to plug connectors back exactly 
where they belong.) 

Fven hetter performance can be obtained by totally 
replacing the RC network with a second-order filter with 
a cutoff frequency of 3 kHz. This involves the use of a 
high-Q, 470-mH inductor as shown in fig. 3. In this 
modification, the source resistor (4.7 k) has been 
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fig. 3. Further improvement of the minimum discernible 
signal (IV1DS) can be obtained by replacing the first order 
RC low-pass filter (R47, C34) with a second-order high Q 
inductor type filter witha cutoff frequency of 3 kHz. The 
470 mH ferrite inductor is available from the author. 


replaced with a 10-k resistor, which was necessary for 
symmetrical C values in the legs of the filter, as well as 
to make use of the entire range of the volume control. 

reducing ac hum 

Although the receiver was now very quiet, it was im¬ 
mediately apparent that the next problem was a 120-Hz 
hum previously obscured by the noise floor. This hum 
was caused by the ac switch and power line located in 
the immediate vicinity of the high-gain audio stages, un¬ 
shielded audio cables, and front panel controls, all act¬ 
ing as audiq pickups for the induced ac field. 

I decided that the perfect solution — eliminating the 
power switch at this location — would notonlysolve this 
problem but also allow another modification: the inser¬ 
tion of an rf/af gain, dual potentiometer, which will be 
described later in this article. Good results can be ob¬ 
tained by shielding both thepower line and the sensitive 
cables asshown in fig. 4. Copper foil is recommended; 
however, aluminum foil should also work. Make sure 
that the shield is grounded at several points to avoid 
ground loops. 

improving dynamic range 

Two additional modifications were effective in in¬ 
creasing the Argosy's dynamic range While they are 
specifically intended to improve the intercept point of the 
receiver, they also improve MDS performance. 

The first modification consists of replacing the present 
mixerdiodeset(D12, D13, D14, and D15* ontherf/mix- 



fig.4. Shielding the power line and sensitive cables in the high 
gain af section of the Argosy will provide further signal to noise 
improvements in the receiver. (A) Bottom view of chassis. IB) 
Expanded view of cable assemblies. 


er board 80784) with a new set of matched high-voltage 
Schottky barrier diodes. The part chosen for this appli¬ 
cation was the Hewlett Packard 5082-2800. The 2800 
uses a "guard ring" design, making it ideally suited for 
handling high-level signals. 

The second modification consists of changing the rf 
switch diodesIDIOand DIPon the same board to high- 

4 ham radio style customarily identifies diodes as “CR." To 
avoid corilusiun, however, the "D" nomenclature is used here 
when referring to Aryosy components. 

Ed 
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current PIN diodes designed especially for rf switches 
and attenuators such as the H P 5082-3081. Abou 1 75 mA 
of bias current should be provided to these two diodes 
for a positive rf turn-on. This is accomplished by replac¬ 
ing the 470-ohm resistor at R4 with a 220-ohm half-watt 
resistor. Although the 3081 can use more current for bet¬ 
ter rf switching, this is not recommended in order to pro¬ 
tect the drive transistors located on the Control Board 
80781. This modification is not recommended for appli¬ 
cations requiring thrifty battery use — for example, in 
portable QRP operation. However, it does further im¬ 
prove the dynamic range of the receiver. 

To implement these changes, remove all connectors 
and metal screws carefully and slide the rf/ mixer board 
out. Remove the old diodes with the help of "Solder 
Wik" or a similar product and replace them with the new 
parts, following the diode polarity already marked on the 
board (the band is the cathode). Reinstall the board, 
making sure that all metal screws and connectors are 
back in their proper places. Readjust mixer balance trim¬ 
mer C2 for minimum received product at 21.320 MHz, 
as outlined in the manufacturer's manual (pages 3-7). 
The receiver will now be very quiet and signals will stand 
out against the background without being disturbed by 
powerful adjacent stations. The AGC will also be favora¬ 
bly affected since less intermodulation distortion will be 
present in the i-f passband. Remarkable results have 
been realized by replacing the original four-pole i-f filter 
with a better filter, but some problems will occur if you 
try to use standard 9.000-MHz filters. 



c,. C,.C, 
sellings with new 
BFO frequencies 


fig. 6. New trimmer settings required for the SSB generator 
Board 89789 when using the recommended 9.000 MHz filters. 

using standard 9.000-MHz i-f filters 

The Argosy came equipped with a four-pole, 2.4-kHz 
wide filter which drew some unfavorable audio reports 
in SSB. In addition, a "wide" transmitted signal was 
reported on some crowded bands. 

A similar problem noted in the receive mode contribut 
ed to adjacent signals getting into the i-f passband and 
consequently activating the AGC. While it's possible to 
buy optional filters from the manufacturer, this was be- 
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yond my financial means at the time. I tried some new 
9.000-MHz filters with the proper impedance but found 
they produced unfavorable results for no apparent rea¬ 
son. A careful analysis of the design showed that the 
manufacturer's choice of i-f center frequency was 
9.0015 MHz instead of the more popular 9.000-MHz ap¬ 
proach (this isn't readily apparent from either the man¬ 
ual or the part numbers marked on the filters as used in 
the transceiver). Because9,0015-MHzfilterswere not 
available to me, some ingenuity was required in order to 
use the more standard 9.000-MHz filters. 

In order to use these filters with the Argosy it was 
necessary to change the frequency of the B^O crystal 
and adjust three trimmer capacitors on the SSB Gener¬ 
ator Board 80780 for slightly different frequencies. 

Let'sanalyzethewaythe BFOworksfromfig. 5A. In 
order to use the 9.0015 center frequency filter, the Ar¬ 
gosy designers chose BFO frequencies of 9.000 MHz for 
"SB-Normal" and 9.003 MHz for "SB-Reverse." These 
parameters are set by frequency-pulling a crystal oscil¬ 
lator via the triple trimmer setup on the SSB generator 
board according to a procedure outlined in the owner's 
manual. 

To use 9.000-MHz filters, I replaced the BFO crystal 
with an 8.9985-MHz crystal (a KVG XF-901) and 
proceeded to recalibrate the three trimmer capacitors ac¬ 
cording to the Carrier Oscillator Alignment Procedure 
explained in the manual and by using the new 
parameters shown in f ig. 5B. The new numbers allowed 
for an audio passband of 600 Hz to 2800 Hz (center fre¬ 
quency, fc, is 1700 Hz) when using the filters recom¬ 
mended in this article (see table 2). The 1700-Hz center 
frequency was selected over the more conventional 
1500-Hz unit after a series of intelligibility tests. Many ex¬ 
cellent reports were received after the modification. 

This audio range lends itself easily to the 750-Hz off¬ 
set required for the CW mode. The recommended 9.000- 
MHz filters exhibit superior shape factors over the orig¬ 
inal fou r-pole filter (See table 2). Figure 6 shows the ap¬ 
proximate position of Cl, C2, and C3 trimmer capacitors 
necessary for this modification as implemented in my 
transceiver. 

Aset of two 9.000 MHz filters can be cascaded (one 
replacing the four-pole filter on the rf / mixer board 80784 
and the other at the optional location of the i-f /af board 
80785) with exceptional results in receive or transmit. 
The combination is the equivalent of a 2.2-kHz wide, 
12-pole filter with a shape factor of better than 1.6:1 in 
the receive mode (only one filter is used in transmit). 
When combined with the previous changes, this modifi¬ 
cation produced superlative performance which includ¬ 
ed improved AGC response in all modes and improved 
small signal performance in the presence of strong 
signals. 

To make the change, constructthefilter connectors 
by cutting two 2.4 x 1.0-inch pieces of unclad PC board 


Table 2: Specifications 

of the 9.000-MHz filter used in 

the modification. 


Center frequency 

9.000 MHz 

Bandwidth at 6 dB 


points 

2.20 kHz 

Shape factor, 60-6 dB 

1.8 

Source impedance 

500 ohms 

Load impedance 

500 ohms 

Number of poles 

6 crystal poles; 


3 LC poles 

Insertion loss 

Less than 6 dB 

USB BFO setting 

8998.3 kHz 


(or 8998.5) 

LSB BFO setting 

9001.7 kHz 


(or 9001.5) 


material. Drill four holes to fit four 0.040-inch diameter 
connector pins snugly. (These pins can be made of dis¬ 
carded TO-5 transistor leads.) The connector pattern 
can be copied directly from the transceiver PC board lay¬ 
out with a piece of paper and a pencil, using the pencil 
to punch the existing connector holes and transferring 
the information to the new PC boards. Drill additional 
holes for installing the filter assembly on the PC board 
as required. Then secure the four connecting pins in 
place at the proper height with blobs of solder on each 
side of the board, following the dimensions from the 
original filter assembly. Connect the inputs, outputs, 
and the grounds of the filters in the same manner as in 
the original filter. It's important to realize that the cas¬ 
caded filter on the i-f/af board 80785 will require two dc 
blocking capacitors if you're using the suggested filters 
(0.01 fiF will do) at the input and output ports because 
of the diode switching involved there. 

After installing the filters and the new BFO crystal, 
perform the manufacturer's carrier oscillator alignment 
on the SSB generator board 80780 by using 8.9983 M Hz 
for "SB-Normal" and 9,0017forthe"SB-Reverse" posi¬ 
tions. Use fig. 6 as a guide to begin the setup and fine 
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tuning of the three capacitors until no error results from 
the interactive effect (this modification requires a full un¬ 
derstanding of how the Argosy BFO works). Adjust the 
CW offset in step 10 of the procedure to 750 Hz above 
the "SB-Normal"as required. Although the procedure 
outlined in the owner's manual is a bit confusing at first 
because of the interaction between the three capacitors, 
using a digital counter and a scope should make things 
easier. No matter how well the settings are performed, 
the BFO frequency will change value slightly over time 
because of environmental impact on the trimmer capa¬ 
citors. Variations of plus or minus several tens of Hz are 
notunusual forthisBFO. These variations can introduce 
some coloration when you're switching sidebands in 
either the transmit or receive modes. 

To check whether the transceiver needs realignment, 
follow this procedure. With the receiver on and the an¬ 
tenna disconnected, listen for the "hiss" pitch charac- 
teristicin SB-N. If things are "equal" (which they should 
be), the same pitch characteristic should be heard when 
switching from SB N to SB-R. A final test for a differ¬ 
ent kind of coloration (called SSB brilliance) should be 
performed in the transmit mode with the rf output fed 
to a dummy load and a microphone connected to the 
transceiver. To verify that your SSB signal sounds 
"alive" on the air, use another receiver equipped with 
a pair of headphones to listen to your own signal. To 
avoid overload of the receiver, perform the test in the 
5-watt QRP transmitter position. If the signal sounds 
mushy, realign transformer T-1 (the big can) located on 
the same SSB generator board while pronouncing 
words containing the letters "S" and "Z" into the 
microphone. 



fig. 8. The Argosy froqucncy can be read to i 10 Hz (short term 
stability of the rig is fully compatible with this feature) by push¬ 
ing in the "CAL" or "DISP" button onthe front panel red win¬ 
dows. An additional decimal point will light up in the display 
(see lower viewl indicating that the number has shifted to the 
left. 


Using the plastic tool provided with the transceiver, 
slightly vary the position of the T 1 core until these let¬ 
ters are heard clearly in the monitoring receiver (the core 
should be at the bottom of its travel). Repeat this test in 
the opposite sideband until everything sounds as lifelike 
as possible. Because the transformer has been adjust¬ 
ed at the factory, thisadjustmentshould be minor. Ifit 
hasn’t been properly set, this can make a major differ¬ 
ence in intelligibility of your SSB signals at the other end. 
(It has no effect on the receiver itself.) Last, but not least, 
make sure that carrier balance adjustment, R1, is set for 
minimum carrier leakage as pointed out in the procedure 
described in the manual. 

improving audio AGC characteristics 

One of my biggest complaints was the popping 
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characteristic ol the Argosy's audio AGC. While most 
of the modifications presented so far improve to a great 
degree the AGC's reaction to unwanted out-of-band sig¬ 
nals and in-band background noise, a simple additional 
modification will virtually eliminate popping. This 
change consists of replacing C12 on the i-f/af board 
80785 with a 22-/iF, 35-VDC tantalum capacitor, which 
exhibits a favorable charging curve that cancels out the 
annoying "pop," at the same time providing a more 
suitable response time for the AGC. With this capacitor 
in place, the attack and release limes were measured at 
20 milliseconds and 2 seconds, respectively. This con¬ 
stitutes an almost perfect compromise between CWand 
SSB. (This modification can be incorporated when the 
other changes are being made to the same board.) 

When installing the tantalum capacitor, be sure to ob¬ 
serve polarity. After this change, popping was almost 
completely eliminated with only a hint of it left on signals 
exceeding 40 dB over S9 in level, and with all filters (in¬ 
cluding narrow af) inserted. In order to completely elim¬ 
inate the popping, the addition of the rf gain control is 
required. 

rf gain control 

Although the original Argosy didn't include an rf gain 
control, adding one can further improve the perfor 
mance and versatility of the rig when attempting to copy 
weak signals in the presence of strong ones. An addi¬ 
tional improvement is the complete elimination of pop¬ 
ping. (This simple matter is explained in Ten-Tec's 
technical note TN2-525.) The modification consists of 
replacing the single potentiometer used for the audio 
gain with a dual concentric 10-k potentiometer. To in¬ 
stall the new control, the front panel and the old control 
were removed. I soldered the wires from the old af con¬ 
trol in the same locations on the front section of the new 
dual potentiometer by also inserting a 2.2-k carbon resis¬ 
tor in the center leg (the Argosy has so much gain lhat 
only about a third of the old potentiometer range was 
usable before). Then I connected the rear section as 
shown in fig. 7. 

This change eliminated the switch function of the af- 
Power control. (This can be a good move because you 
won't need to worry about induced hum into the af sec¬ 
tions any more.) The rig may be switched either from the 
front panel of the power supply or by a miniature switch 
added to the back panel. If desired, an AGC on/off 
switch can also be installed by breaking the connection 
between D9 and Q5 on the i-f/af board 80785 and wir¬ 
ing in another miniature switch. I chose not to implement 
this modification permanently because it wouldn’t add 
anything to the performance. 

Because concentric knobs weren't available, they 
were fabricated. The af knob was made by cutting off 
the top of a regular knob with a diameter of 0.8 inch. Ad- 



fig. 9. Installation of the digital counter in the Argosy and inter 
connections with the NSN 784 displays. Also shown is how the 
red window is secured to the front panel of the Argosy with 
epoxy through the dia) opening. 

ditional filing brought the set screw within immediate 
proximity; little shaft length was available because of the 
spacer effect of the front panel. The rf knob was fabri¬ 
cated from a smaller diameter knob with the 0.25-inch 
hole filled with epoxy and redrilled for the inner shaft, 
which measured 0.125 inch in diameter. The entire 
modification took half an hour to complete. 

PTO frequency stability 

Another annoying problem related to the Argosy's 
performance was the frequency instability of the PTO, 
which caused small, sudden jumps of a few tens of hertz 
in the received or transmitted signals. This phenomenon 
seemed to be intermittent and showed up at random 
timeswith no apparent remedy. The problem, confirmed 
by other Argosy owners, may be present in similar rigs. 

While the problem appeared mechanical at first, I con¬ 
cluded that it was caused by an intrinsic characteristic 
of a part in the design of the PTO. I was happy to find that 
Ten-Tec offers — onanexchangebasisandforareason- 
able fee of $25 — a new PTO that doesn't exhibit the 
problem. When a new PT0 was obtained and installed, 
the problem disappeared once and for all. 

The installation requires the removal of several wires 
and PC boards, but shouldn't take more than 15 minutes 
to complete. The performance of the new PTO is well 
worth the investment and allows the use of a precision 
digital counter which displays the transceiver's frequen¬ 
cy wilh a resolution of 10 Hz, a considerable improve- 
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fig. 10. Diagram of the frequency counter as implemented in the author's Argosy. The entire board was wire wrapped in an 
afternoon on a 2 x 3.3 inch perforated board and installed in place of the calibrator board using its existing three holes. 




merit over the ±2-kHz calibration provided by the 
Argosy's analog dial. 

high-resolution digital display 

The static digital display design in the modified Argosy 
uses three ICsand does away with the multiplexer noise 
so familiar to other designs. It allows the use of the front 
panel push button previously used to turn on the calibra¬ 
tor to further increase the resolution of the displayed fre¬ 
quency to 10 Hz, a feature I found extremely helpful. 

The top-notch performance of the modified Argosy 
wasfinally complemented by the installation of a static 
(non-multiplexed) four-digit counter which displays the 
frequency of operation by reading the premixed PTO/- 
crystal oscillator's frequency. Reading the premixed in¬ 
jection presents the advantage of accounting for all pos¬ 
sible shifts created in the crystal oscillators, which would 
have to be accounted for mathematically if reading only 
the PTO frequency. On the other hand, such a counter 
must be capable of operating at frequencies better than 
20 MHz (as opposed to 5.5 MHz) if measuring the PTO. 
In addition, by wiring the calibrator push button from the 
front panel as shown, the four-digit numbers can be 
shifted to the left, allowing for 10-Hz resolution (an ad¬ 
ditional decimal point lights up to indicate that the mag¬ 
nifying feature is turned on). See fig. 8. 

The design of the display was inspired by Intersil ap¬ 
plication notes. I had initially hoped that an LCD display 
would fit under the Argosy's front panel, but this was im¬ 
possible because of the rather small dimension between 
the top of the bezel and the display opening. In addition, 
the 16-kHz back plane oscillator called for in this design 
was out of the question because of rf noise. The result¬ 
ing design uses a static seven-segment LED design 
based on the ICM7225 LSIC from the same 
manufacturer. 

While many seven-segment LED displays were avail¬ 
able, I chose the National NSN 784 common anode dis¬ 
play because of depth restrictions between the front 
panel and the sub-panel. The 784 is built without pins 
and space-consuming extruded parts. Its design is ba¬ 
sically a square PC board — with the LEDs fused into the 
surface of the board, allowing for minimal depth — 
which fits snugly between the two panels. With this ap¬ 
proach, the flat cable used to connect the display with 
the small digital board located in the transceiver fits nice¬ 
ly through the narrow window previously used for the 
analog dial as shown in fig. 9. 

After this wiring was completed, thesocket pins from 
the signal-conditioning 1C 74HC4049and from the con¬ 
troller/oscillator 1C ICM7207 were shortened for better 
frequency response. If not short enough, pins on the 
74H C4049 socket will limit the frequency response of the 
counter on the higher bands. As a matter of choice, the 
front panel switch (CAL) can be used either for turning 


on the display or for the magnifying feature. Both 
choices are shown in the schematic diagram in fig. 10. 
Only one function is possible without the addition of a 
separate switch. 

The rf injection signal is fed to the conditioning 1C 
74HC4049 via a coaxial cable and a 100-pF capacitor 
from connector31 located on the rf/mixer board 80784. 
When soldering at the connector, make sure not to 
ground the shield of the coaxial at this point oryou'll de¬ 
feat the turn-on function of the front-panel switch. 

Adjusting the display is easy when using a high- 
resolution counter connected to the same pin on con¬ 
nector 31 . Adjust the trimmer capacitor on the ICM7207 
for an equal frequency readout between the counters, 
which should both be set in a high resolution mode. If 
a counter isn't available, reasonable results can be ob¬ 
tained by tuning to WWV. This counter will read only the 
center frequency of a station as offset by the B FO modifi¬ 
cations performed earlier. If you're using the recom¬ 
mended settings, you'll have to add 1.7 kHz in lower 
sideband and subtract 1.7 kHz in upper sideband. Be¬ 
cause no preset lines are available in this simple design. 
A feature activated from the band switch can tell the user 
when to add or subtract the offset number by lighting 
up either a plus sign ora minus sign inside the last digit 
of the display. This was accomplished by cutting a pad 
and installing a diode in its place instead on the SID 
switch from board 80787 as shown in figs. 11 A, B,and 
C. 

Installation of the digital display in the Argosy pro¬ 
ceeds as follows. Obtain two NSN 784 dual displaysand 
grind off the rivets holding the windows to the back of 
the PC boards. Carefully remove the windowsand plas¬ 
tic inserts so as not to touch the fused LEDs on board, 
now visible to the eye. Deposit a few drops of "Super 
Glue" or equivalent on the board in areas outside the 
segments and LED locations and key back the plastic in¬ 
sert without the window. Squeeze the assembly to¬ 
gether until the two parts become a single assembly. 
This will prevent possible damage to the LEDs. Repeat 
the operation for the second display. Then solder a 
16-wire flat cable to each of the boardsas shown in fig. 
10. Remove the front panel from the Argosy and remove 
the existing red window as well as all mechanical cables 
and fixtures associated with the analog display. File out 
the square opening in the front panel to accommodate 
the two new windows. Fit the two square windows 
snugly in the opening until they're flush with the outside 
surface of the front panel. Then deposit a small amount 
of epoxy around the perimeter of the two squares inside 
the front panel. In the process, make sure that the two 
windows are flush with the outside of the front panel; 
this is accomplished by laying the entire assembly on a 
flat surface. Only a small amount of epoxy should be 
deposited so that the PC board LED assemblies can fit 
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fig. 11, (A) Diagram of a sideband correction indicator 
(see textl. (B) Implementation of the sideband correc 
tion mechanism on board 80787 requires cutting a pad 
and installing a simple silicon diode IIIM9I4) in its place. 
(Cl Removing Board 80787 from the transceiver requires 
the removal of the bandswitch shaft through the back. 


back in their rivets when the job is complete. No epoxy 
should be allowed in the area under the top of the front 
panel because the cover must be free to slide back un¬ 
der the bezel. 

Tocomplete the job, wrap electrical tapearound the 
metal cutout to prevent possible grounding. Place a 
weight on top of the front panel assembly and allow it 
to cure overnight. When curing is complete, reinstall the 
Argosy's front panel by pulling out the ALC indicatot di¬ 
ode assembly and plugging it properly into the red LED 
from the front panel. Then carefully insert the two seven- 
segment LED boards in their keys, which are now at¬ 
tached to the front panel. Make sure that the translucent 
plastic diffuser squares are sandwiched between the red 
windows and the PC assemblies. Then pull things to¬ 
gether until the digits are visible through the front win¬ 
dows. Push back the entire front panel assembly until 
the ALC LED fits back in its hole and screws can be at 
tached. The flat cables can now be bent and properly 
wired to the digital board. To complete the job, make a 
0.25-inch deep cutout in the top cover for the entire 
length of the display in order to prevent possible shorts. 
Asan additional precaution, placeelectrical tapealong 
the cutout. 

conclusions 

The modified Argosy (fig. 12) has been in operation 
for several months. Its performance has been a pleas¬ 
ure and well worth the efforts described in this article. 
Other possibilities exist for modifying the Argosy to in 



crease its versatility. These include adding a separate 
PTO with memories; an rf splitter in the receiver input 
to allow for a separate receiver to be used in conjunction 
with the transceiver (this can be done by breaking the 
coaxial cable from connector 32 and introducing a Mini 
Circuits PSC2-1 rf splitter in the circuit with one of the 
outputs wired to one of the empty RCA connectors in 
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Table 3. Parts available from (A) suppliers and (B) 
author. 

(A) Parts available Irom suppliers. 

6.5536-MHz crystal, available from JAN CRYSTALS, P.O. 
Box 06017, Fort Myers, Florida 33906-6017 ($7.50 plus 
shipping). 

XF-901 crystal, available Irom Spectrum International. P.O 
Box 1084, Concord, Massachusetts 01742 ($6.25 plus 
shipping) 

ICM7207 (don't order the "A" modell. available Irom Ad 
vanced Computer Products. P.O. Box 17329. Irvine, Califor 
nia 92712 7329 ($7.50 plus shipping). 

ICM7225 LSIC, available Irom Intersil authorized distributors 
nationwide (e.g.. Arrow Electronics. Hamilton Avnet, Schwu- 
ber Electronics, $12.50 plus shipping). 

74HC4049, High speed CMOS. 16 pin hex/buffer/convert¬ 
er (inverting), available Irom JAMECO Electronics, 1355 
Shoreway Road, Belmont, California 94002. Digi-Key, P.O. 
Box 677, Thiel River Falls, Minnesota 56701-9988. ($2.50 plus 
shipping). 

IB) While quantities last, the following hard to-findparts are 
available from the author. 


Hewlett Packard 5082-2800, set ol lour matched high voltage 
Schottky diodes ($15.50 plus $1.50 shipping). 

Hewlett Packard 5082 3081, set ol two matched high current 
PIN diodes ($8.50 plus $1.00 shipping). 

Dual concentric 10 k potentiometer lot rl/al gain modifica¬ 
tion ($12.50 plus $1.50 shipping). 

22 /iF, 35 VDC Tantalum capacitor lor AGC. $2.25 plus $1.00 
shipping. 

9.000-MHz i-f filter, 2.2 kHz (BW per specification), $45.00 
plus $2.00 shipping. 

Second 9.000 MHz i-f filter, 2.2 kHz (BW with blocking capa 
citors), $45.50 plus $2.00 shipping. 

470 /<H. low resistance, high Q inductor lor audio LP modifi¬ 
cation ($6.00 plus $1.00 shipping). 

Set ol two 0.02-/iF capacitors for audio low pass filter, $0.50 
plus $0.50 shipping. 

Set of two NSN 784 LED seven-segment displays (four 
digits). $9.00 plus $1.50 shipping. 

If combinations of the above items or the entire kit ($140.00) 
is required, include $3.00 for shipping (U S. only, please). 



fig. 12. Completed unit. 


the back of the transceiver); passband tuning in the i-f, 
and even a new BFO circuit. A list of parts available from 
the author and from various suppliers is shown in table 
3. 
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14-MHz superhet uses 
inexpensive ICs 



build a pocket-portable 

SSB receiver 


This article describes the design and construction 
of a very small, portable 20-meter single sideband re¬ 
ceiver. Because some of the more demanding perfor¬ 
mance requirements can be relaxed in favor of small 
size and reduced component count, the project also 
represents an interesting design exercise in value en¬ 
gineering. 

For example, reference 1 states that performance 
limitations are the principal drawbacks of integrated 
circuit mixers. Yet for a portable receiver in use in a 
remote location — say on a camping trip — small size 



and high gain may be more important than strong sig¬ 
nal performance. Reduced complexity is also attrac¬ 
tive to inexperienced builders; using ICs simplifies the 
design, since they can be considered as building blocks 
already designed by the manufacturer's specification 
sheets. The only real work, then, is selecting the best 
ICs and connecting them together. 

circuit description 

Figure 1 shows that the receiver is a conventional 
single conversion superheterodyne design with a 
9-NIHz i-f. Major circuit blocks are represented by 1C 
part numbers with the exception of the AGC. The fol¬ 
lowing circuit theory of operation is presented in a se¬ 
quence beginning at the output and proceeding 
toward the input, which is the recommended se¬ 
quence for construction. Dividing a large project into 
several small tasks makes the work seem easier, and 
the completed output stages can be used as a test aid 
to align and troubleshoot preceding stages assembled 
later. 

audio amplifier 

Figure 2 shows the National Semiconductor LM386 
Low-Voltage Audio Power Amplifier, which is used to 
drive an earphone. The main advantage of this com¬ 
ponent is low battery drain and operation from a 9-volt 

Cliff Klinert, WB6BIH, 1126 Division Street, Na¬ 
tional City, California 92050 
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battery. The 9-volt power source was considered es¬ 
sential for convenience in obtaining batteries while 
traveling. 

Peripheral components increase circuit complexity, 
but provide an opportunity to shape the receiver au¬ 
dio frequency response. Signal frequencies below a 
few hundred Hz and above a few kHz should be at¬ 
tenuated by selecting audio coupling and bypass ca¬ 
pacitor values carefully. Each capacitor (and 
associated resistance) provides a 6-dB per octave roll¬ 
off beyond the break point. The half-power break fre¬ 
quency is: 

F 


0.159 


RC 


where F is in Hz, R is in ohms, and C is in farads. For 
example, the output coupling capacitor, Cl of fig. 2, 
gives a low-frequency rolloff frequency calculated as 
160 Hz. This is assuming that the LM386 output im¬ 
pedance is very low and the earphone offers the prin¬ 
cipal resistance in the circuit. I actually measured the 
earphone impedance to be 21 ohms at 1000 Hz when 
the calculations gave confusing results. The earphone 
is presumably 16 ohms, but it could have been 8 ohms. 
The following data was taken for selected capacitors 
using one-half voltage for the measurement point, 
which resulted in slightly lower frequencies (6 dB 
down): 


330 m F 10 Hz 
100 m F 70 Hz 
47 m F 120 Hz 


These results suggest that it may be better to substi¬ 
tute capacitors and sweep the frequencies with an au¬ 
dio oscillator than perform calculations when circuit 
resistance may be inconvenient to determine. In fact, 
components were selected experimentally, but the 
equation is helpful for awareness of circuit operation 
and to provide a starting point. A bypass capacitor 
(0.047 pf) in the product detector output provides a 
similar function for high frequencies, and the equa¬ 
tion is the same. 

C2, added to cure a high-frequency oscillation, may 
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fig. 3. Product detector. Pins4and5are push-pull outputs, 
and either may be used. 


not be necessary in all cases. A large capacitor bypass¬ 
ing the audio power amplifier wastes power and may 
cause instability. 

Tests showed that a 30-millivolt, 1000-Hz input sig¬ 
nal provided a 600-millivolt output for a gain of 20. Cur¬ 
rent drain was 5 milliamperes at 9 volts. 

product detector 

The Signetics NE602 shown in fig. 3 is used for the 
product detector as well as the first mixer. One of the 
more popular Gilbert Cell mixers, it also contains a 
voltage regulator and bias, an oscillator, and an 
rf amplifier. These features are implemented with an 
absolute minimum of external components. Pin 7, the 
oscillator emitter, can be used as a test point for check¬ 
ing oscillator operation. 350 millivolts of 9-MHz sine 
wave signal is a typical value. The capacitors connect¬ 
ed to pin 7 must be adjusted for the correct operating 
carrier frequency to match the crystal filter. Power 
voltage for the NE602 is 6 volts, which is supplied to 
pin 8 through the 1.5k resistor. Application of a 
400-microvolt 9-MHz i-f input signal to pin 1 gives a 
150-millivolt peak-to-peak earphone output when con¬ 
nected to the audio amplifier see fig. 2. The current 
drain is an economical 2.5 milliamperes. More infor¬ 
mation on the NE602 is provided in the first mixer cir¬ 
cuit description. 

The resistor/capacitor network connected to pin 5 
shapes the audio frequency response as described in 
the previous section. The 0.1 n F capacitor provides 
low frequency rolloff to complement Cl of fig.1. The 
0.047 fiF capacitor bypasses high frequencies. 

i-f amplifier 

A Motorola MC1350P television i-f amplifier was 
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used for the 9-MHz i-f amplifier fig. 4. This popular 
1C features high gain, excellent stability, and a very 
handy AGC input terminal. The MC1350P was intend¬ 
ed for a 12-volt power supply, but works well on 9 volts 
with a current drain measured at 12 milliamperes. No 
particular effort was expended to wind T1 with a 
14-turn primary (center tapped) and a 14-turn secon¬ 
dary on an FT 37-61 ferrite toroid core with No. 27 
AWG wire. It seemed to resonate with about 15 pF 
of capacitance provided by a 9- to 20-pF variable, but 
it also works without the capacitor. Be sure to ground 
the AGC input, pin 5, for maximum gain while test¬ 
ing. Performance testing now shows that only 0.7 
microvolts RMS 9-MHz input is required to produce 
a 100-millivolt peak-to-peak earphone audio output. 
The MC1350 gain was 50 dB with a 200 microvolt i-f 
output for the 0.7 microvolt input. Total receiver cur¬ 
rent drain at this point was 20 milliamperes. 

crystal filter 

The crystal filter is the largest and potentially most 
expensive item. The price of a new crystal filter would 
make it impractical for so simple a project. I first con¬ 
sidered the crystal filter as an optional or less critical 
item, but the obvious performance improvement made 
it a necessity. The filter and BFO crystal can be a junk 
box or surplus item. The 9-MHz filter used for this pro¬ 
ject was purchased for about $20 from a ham radio 
advertiser a few years ago. but swap meets and ham- 
fests are also good sources. Be sure to get a BFO crys¬ 
tal with the filter, but if several filters are available 
inexpensively it may be better to break apart a filter 
to get an oscillator crystal. With luck it may be possi¬ 
ble to tune the BFO to the right frequency with the 
oscillator capacitors and avoid the expense of order¬ 
ing a crystal. At this point, a substantial effort may 
be required to sweep the filter with a signal generator 
while hionitoring the receiver audio output and adjust¬ 
ing the BFO frequency for the desired frequency re¬ 
sponse. 

automatic gain control 

AGC is a truly optional feature that could be sub¬ 
stituted with a potentiometer voltage divider connect¬ 
ed to the MC1350 AGC input. Some experience using 
this method showed that the "two-knob" tuning 
method required was somewhat inconvenient con¬ 
sidering the small controls and lack of panel space. 
Also, eliminating the manual gain control provided ad¬ 
ditional space for an AGC circuit. 

The AGC characteristics of the MC1350 used were 
measured and tabulated as follows: 

Pin 5 voltage 4.50 volts max gain 

4.77 volts min gain 
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fig.4. I-f amplifier. All capacitors are 0.01 disc except the 
9-20 pF variable. 




Photo A. The receiver is housed in a sheet aluminum en¬ 
closure. The aluminum was bent in a brake and the corn¬ 
ers were TIG {Tungsten Inert Gas) welded.The clip lead is 
the antenna connector. 
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Pin 5 with a 10-k 
series resistor 


4.00 volts max gain 
6.30 volts min gain 


Pin 5 is essentially a current sink. Adding a 10-k resis¬ 
tor in series makes a convenient voltage range for the 
AGC circuit to drive. 

Figure 5 shows the AGC circuit, an unfortunate 
departure from the use of ICs. The Plessey SL621C 
would have provided an excellent AGC 1C, but I felt 
that it was too sophisticated (and expensive) for this 
simple application. The 2N2907 amplifies the earphone 
audio, which is half-wave rectified by the 1N4001. The 
time constant circuit uses a 10-jtF capacitor and a 
500-k resistor. The 2N2222 is a dc amplifier that drives 
the MC1350. A 100-jiF electrolytic capacitor was re¬ 
quired to bypass the 9-volt power line to prevent a low- 
frequency oscillation. 

The addition of this AGC circuit holds the earphone 
audio output to 100 millivolts peak-to-peak and con¬ 
sumes 2 milliamperes of current drain. Performance 
could be described as very aggressive but slightly slow 
on attack time. A slow attack time prevents the re¬ 
ceiver from being muted for the RC time constant peri¬ 
od when only a brief noise pulse is received. A full 
wave AGC rectifier would improve attack time but 
would also add to complexity. The circuit has more 
gain than is required to keep the audio ouput leveled, 
but I prefer this compression effect to eliminate the 
need for any other gain control. 

mixer 

The NE602N is used in the receiver first mixer (fig. 
6). Two LC-tuned circuits are used in this circuit; L3 
tunes the 14-MHz input and LI is the 5-MHz local os¬ 
cillator (LO) frequency control. L2 is a small rf choke 
added to restrict the LI tuning range to 5.000 to 5.375 
MFIz. It's difficult to find a small vernier dial and vari¬ 
able capacitor, so a knob was attached to LI for a tun¬ 
ing control. LI was a 0.375-inch iron slug-tuned coil 
wound with 17 turns of No. 27 AWG wire. Many 
different L and C combinations could probably be used 
in this oscillator circuit. Pin 7 is the emitter and pin 
6 is the base of the oscillator transistor. Reference 2 
cautions against using too low a circuit Q and sug¬ 
gests connecting a 22-k resistor from pin 7 to ground 
if the oscillator won't start. Increasing the 300-pF ca¬ 
pacitor values in fig. 6 reduced the oscillator output, 
which was measured at pin 7 to be about 300 millivolts 
peak-to-peak. L3 is a 0.250-inch iron slug tuned form 
with 14 turns of No. 27 AWG wire. The input coup¬ 
ling link used five turns of hook-up wire. Don't try to 
use capacitor coupling for the NE602N input without 
a parallel choke or coil winding to ground. Low- 
frequency noise ("hum”) will be coupled to the input 
amplifier, modulating all signals received. 



construction notes 

I started out soldering components together by their 
leads as sort of a breadboard without the board to test 
the circuits. It was soon obvious that the most com¬ 
pact construction technique is to cut the leads as short 
as possible and solder them together on a double-clad 
unetched circuit board. The board serves as a ground 
plane as well as a structural mount. This mounting 
method is really quite strong, considering the light 
weight of the parts. A dab of epoxy would really add 
to strength, but it hasn't been necessary. Most of the 
parts were junk box selections so only general descrip¬ 
tions of the parts required will be given. This is espe¬ 
cially the case for the tuning control, LI. The tuning 
slug screw must have a friction lock to prevent back¬ 
lash. Since wear is a problem, select the largest screw 
size slug available and lubricate it with automotive 
wheel bearing grease. In this case, I found a short 
spacer with a tapped hole that fit on the tuning slug 
screw and locked it with a jam nut the same size. A 
knob can fit easily over the outside diameter of the 
spacer. The obvious disadvantage is lack of calibra¬ 
tion markings, so it's important to limit the LI tuning 
range to reduce confusion. 

It may be desirable to enclose LI and other oscilla¬ 
tor components with circuit board since flexing the ex¬ 
ternal cabinet will cause frequency changes. The 
double-clad printed circuit board is quite rigid when 
soldered together to make a box. After all the com¬ 
ponents were assembled and tested on the circuit 
board, I made a small aluminum box to fit around 
them. It's probably better to plan ahead and buy a 
small box, but at the beginning I wasn't sure what the 
final size or shape would be. (See Photo A.) 
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to develop new applications. For example, I mounted 
an LM386 with a battery and speaker in a small box 
to carry with the receiver. (See Photo B.) Future 
projects for the NEG02 might include a tunable short¬ 
wave converter for an a-m car radio, or an aircraft band 
receiver with an MC1350 i-f amplifier. 
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Photo B. This small box contains an amplifier and a speak 
er. The amplifier is thesame as shown in fig. 2. No volume 
control is required when used with the receiver. 


Soldering the components together does pose some 
problems, however. As can be seen in the photo¬ 
graphs, it's very difficult to see some of the compo¬ 
nents. Repairs seem impossible. Don't solder to the 
crystal can near any of its solder seals; doing so may 
cause a vacuum leak, spraying molten solder on the 
quartz. 

The electronic aspects of construction require use 
of an oscilloscope with a high impedance (xIO) probe, 
an audio oscillator, and an rf signal generator. A fre¬ 
quency counter is handy but not essential. The xIO 
probe allows monitoring the oscillators with a mini¬ 
mal amount of frequency shift due to loading by the 
probe. I connect my frequency counter to the oscillo¬ 
scope channel 1 output for checking the oscillator fre¬ 
quency. This is especially handy for setting up the BFO 
when th,e exact frequency is known, but the BFO fre¬ 
quency is subject to adjustment later "by ear" when 
listening to SSB signals. The first mixer oscillator can 
be adjusted with a receiver or signal generator, and 
will also require considerable adjustment to obtain the 
right frequency range. 

conclusion 

This receiver has enough gain to be used with al¬ 
most any metal object as an antenna. I used a clip lead 
as an antenna connector. It's handy to carry a con¬ 
venient length of insulated flexible wire for those times 
when there's a chance to rig a makeshift antenna in 
a tree or bush. Twenty meters provides good listen¬ 
ing most times of the day or night, with some DX in 
the early morning. 

This article presented a few applications of some 
simple but versatile integrated circuits. My intent was 
to present a few circuits that might inspire the reader 
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MODEL 

Appli¬ 

cation 

Band¬ 

width 

Poles 

Price 

XF-9A 

SSB 

2.4 kHz 

5 

$53.15 

XF-9B 

SSB 

2.4 kHz 

8 

72.05 

XF-9B-01 

LSB 

2 4 kHz 

8 

95.90 

XF-9B-02 

USB 

2 4 kHz 

8 

95.90 

XF-9BI0 

SSB 

2 4 kHz 

10 

125.65 

XF-9C 

AM 

3.75 kHz 

8 

77 40 

XF-9D 

AM 

5,0 kHz 

8 

77 40 

XF-0E 

FM 

12.0 kHz 

8 

77 40 

XF-9M 

CW 

500 Hz 

4 

54 10 

XF-9NB 

CW 

500 Hz 

8 

95.90 

XF-9P 

CW 

250 Hz 

8 

151 20 

XF-910 

IF 113130 

15 kHz 

2 

17.15 


10.7 MHZ CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Export inquiries Invited. Shipping S3 75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF or 2M rig on olhor VHP or UHF bands 

RECEIVE LINEAR 
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MMk 

1691-137 

259 95 

MMl 1296-1440 

309.95 

MMk 

1296 144G 

189.95 
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289 95 

MMe 

439-ATV 

94 95 

MMl 432 28<S) 

289 95 

MMc 

432-28(sr 

59 95 

MMl I44-28(R) 

349 95 

MMe 

144.20/ HP) 

69 95 

MMl 144-28 

189 95 

MMc 

144-28 

54.95 

MMl 43528(S) 

299.95 
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2M 



70cm 


MML 
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MML 432 30 L 

189 95 

MML 

144-SO S 

119 95 

MMl 432-50 

229 95 

MML 

144-100 S 

224 95 

MML 432-100 

439 95 

MML 

144 100-LS 

249 95 

* \ 

Yr- 

MML 

144.200-S 

439 95 

^ \, * 


ANTENNAS 

HI 


. 





v* 142 

10XY-2M 

$74 95 

LOOP YAGIS 


7ucm 



1268-LY 

$49.95 

70/MBM2B 

$44,95 

1296-LY 

49.95 

70/MBM48 

64,95 

1691-LY 

59.95 

70/MBM88 

DY20-900 MHz 

94.95 

7995 

order loop yogi connector extra 

Send 66* (3 stamps) for lull details ol an our VHF & UHF equipments and KVG crystal 

Shipping: FOB Concord. Mass 
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A simple, low-cost 
homebrew project 


20-meter hf superhet 


One of the more diminutive boxing champions of 
the 1970s was described this way: "pound for pound, 
the hardest hitter in the world.” I like to think that the 
same can be said of this receiver. Based on ideas put 
forth by Doug DeMaw and Wes Hayward,' it’s strict¬ 
ly a lightweight, but it delivers a respectable punch. 
Its simplicity is accomplished through the use of a sin¬ 
gle i-f amplifier/detector 1C, the Ferranti ZN414. 

Because of its sharp selectivity, this superhet (fig. 
1, Photo A) represents a vast improvement over 
direct-conversion receivers though with fewer than 
60 parts, it's hardly more complex. I built the proto 
type to tune about 125 kHz of the 20-meter band, but 
the receiver can easily be modified to cover 30, 40, 
or 80 meters. 

circuit description 

After passing through a fixed-tuned preselector, in¬ 
coming signals at 14 MHz are admitted directly to gate 
1 of the dual-gate MOSFET mixer. Mixer output at the 
intermediate frequency is passed through a tuned cir¬ 
cuit at the primary of T1, a trifilar-wound transform 



1 


Photo A. The receiver cabinet measures 1 x8 % x 6 inch. 
(49x210 x 156mm), Main tuning knob is on the left. Lettering 
was accomplished with dry label transfers, and the panel was 
sprayed with clear acrylic. 


‘ To make a Ir<filar winding, Iwist three separate pieces ol enameled 
wire approximately 8 turns per inch. Wind the twisted wires through 
the toroid lor 12 turns. I use an ohmmeter to identify the ends. 


er. - The transformer output supplied to the crystal 
filter consists of two signals of opposite phase. The 
effect is that |he parallel capacitances within the two 
crystals are cancelled, leaving an extremely high Q 
series-resonant circuit. This circuit configuration is 
known as a half-lattice filter. The shape of the filter's 
response curve is affected somewhat by terminating 
resistor R1. R1 is adjusted until the filter response is 
fairly flat across the top of the curve. The overall width 
of the curve is determined by the difference in the crys¬ 
tals' frequencies (see fig. 2). 

I used crystals with a frequency separation of about 
600 Hz. With different crystal spacing the filter's band¬ 
width will change. If you wish to use this type of filter 
you can order two close-tolerance crystals for the 
desired frequencies. You can also buy three or four 
inexpensive crystals for about the same price; I used 
this less expensive approach and obtained three 2-MHz 
crystals for $2.50 each. When I checked the crystals 
(this can be done using a breadboarded oscillator with 
a frequency counter or receiver), I found a pair with 
spacing that was close enough, but not too close - 
in other words, just right! 

There is an alternative for the experimenter who 
wants to to simplify this design even further. Accept¬ 
able performance can be obtained using only one crys¬ 
tal (fig. 3). Trimmer capacitor Cx is adjusted for the 
sharpest response. This filter has an asymmetrical re¬ 
sponse curve, with a fairly sharp peak, and one side 
quite broad. I tried this circuit and found that rejec¬ 
tion of the adjacent sideband was fairly good, with 
only the stronger signals appearing on the wrong side 
of zero-beat. There's a sharp notch in which the adja¬ 
cent sideband seems to be totally rejected; it appears 
that to bring out the best in this simple filter one should 
include it in a receiver using an audio bandpass filter 
peaked to the frequency where the image notch ap¬ 
pears. ■* 


I ‘ ’ll you happen to acquire two crystals of exactly the same fre 
quericy, you can use them to construct a ladder filter. I didn’t try 
this approach, but details can lit; found in Reference 1. pages 
217 218. 

By Eric Bodner, N3ECZ, 64 South Hazle Street, 
Hazleton, Pennsylvania 18201 
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3. GROUND 3. GATE 

fig. 1. Schematic diagram. Judicious use of discrete devices and hardware results in a miniature receiver that's easy to tame 
and operate. 


The filtered signal at the intermediate frequency is 
coupled to the input of the ZN414 i-f amplifier. The 
ZN414 consists of a very high gain rf amplifier followed 
by an AM detector. The device has three leads and 
comes in an ordinary TO-18 transistor package. This 
1C is hot enough to pick up the least bit of stray rf from 
any nearby (or distant) AM broadcast station, ampli¬ 
fy it, detect it, and pass it on loud and clear. In fact, 
the chip makes a complete TRF receiver for any fre¬ 
quency up to 3 MHz with the addition of only a few 
external components. However, in the present appli¬ 
cation the chip should be restricted to amplifying and 
detecting only a narrow slice of the rf spectrum! There¬ 
fore shielded cable is a must for the connections to 
the ZN414 input from the i-f filter and the BFO. 


Audio from the output of the ZN414 is sufficient to 
drive an LM386 amplifier 1C, which in turn provides 
plenty of volume for headphones or a small speaker. 

The local oscillator and BFO are identical except for 
the tuned circuits. NPO ceramic, polystyrene, or sil¬ 
ver mica are the preferred types for the frequency¬ 
determining capacitors. C6 is kept at a minimal value 
to avoid oscillator pulling. Originally a 33 pF fixed-value 
capacitor was used at C6 and it seemed that every CW 
station on 20 meters was guilty of sending out a chir¬ 
py signal! With the smaller value capacitor in place, 
loading of the oscillator tank circuit is reduced and no 
trace of chirp is detectable. 

I included a front-panel tuning control for the BFO, 
but this is optional. If you don't need the versatility 
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Purls list, fig 

/ 

C1.C2.C5.C8 

15-150 pF trimnwr capacitor 1Radio Shack 272■ 1339) 

C3 

15-90 pF air variable with built-in vernier drive {$2,25 
from BCD Electro1 

C4 

5-60 pF trimnwr capacitor 1Radio Shack 272-1340) 

CS, C9 

2 10 pF trimnwr capacitor fRadio Shack 272-1338) 

C7 

1.4 13 pF air variable l$3 63 from BCD Eloctrol 

CRl CR2 

101914 (Radio Shack 276 1122) 

cm . 

6-2 volt Zoom (Radio Shack 276 561) 

U 

2 turns around ground end of L2 

12 

22 turns on a T-50-6 (approximately 1.9 pllV 

13 

24 turns on a T-50-6 (approximately 2.3 i>W tap at 6 
turns from yiound and 

14 

40 turns on a T68-2 Iapproximately 9 1 it ft): tap at 10 
turns from ground ond lap 

at 

40673 dual goto MOSFET (available from Circuit 

Specialists Inc.) 

02.03 

MPF102 FB T 1Radio Shack 276 2062) 

R! 

10 k trimpat {Radio Shack 271 218) 

R2 

10 k pot (Radio Shack 271215) 

RFC1 

1-mH choka f Circuit Specialists 43LS103) 

n 

12 turns trifilar on an FT 37-61 (approximately 8 i>HI. 

Note all toroids available from Circuit Specialists. Inc 

ut 

Ferranti ZN414 a m sub system 1C ($2 00 at Circuit 

Specialists Inc.) Also available from MHz Electronics. 

Inc.. 3802 North 27th Avenue. Phoenix. Arizona 85017; 

DC Electronics. P 0 Box 3203, Scottsdale, Arizona 


85257, Electronic Emporium. Inc , 4909 East McDowell. 

Phoenix, Arizona 85008: and Semiconductors Surplus. 

2822 North 32nd Struct. Unit 1. Phoenix. Arizona 85008 

U2 

LM386 audio amp 1C (Radio Shack 276-1731) 

Y1.Y2 

2.0 MHz crystals in HC6/U holder ($2.50 from BCD Bloc 
tro). Y1 and Y2 can be resonant at any frequency be¬ 
tween 1 7 and 2.5 MHz. At an i f below 1 7 MHz. 
interference is likely from broadcast stations. Above 

2.5 MHz it's likely that the ZN414 1C won't have sufti 
cmnt gain 


w Air lattice ni,rt.!r 


)h * 


rh 



r#rQueue r (»H/i 


fig. 2. If stage response using half-lattice filter. 



of a tunable BFO (for tuning either USB or LSB), then 
a PC-mounted trimmer capacitor may be substituted 
for the panel-mounted air-variable. 

Coupling capacitor C9, which limits the BFO injec- 



Rhoto B. Each stage is assembled on a separate board. Layout 
follows the schematic, with the mixer at the upper left and au¬ 
dio amplifier to the right. 


tion, should be adjusted for best results. In this cir¬ 
cuit it's necessary to leak only a very low level of BFO 
energy for CW/SSB detection; the reason is that the 
BFO carrier is injected before the i-f amplifier. This 
differs from the usual method in which there is a sep¬ 
arate mixer (product detector) and a fairly high-level 
BFO signal. I can justify the method used in this re¬ 
ceiver only by saying that it allows for a substantial 
reduction in complexity (thanks to the circuitry built 
into the ZN414) and that I find it works quite well. 

construction notes 

You can selecl your own scheme for wiring and as¬ 
sembly, bearing in mind the necessity for shielded ca¬ 
ble at the input to the ZN414. The method I prefer 
involves assembling each stage on a separate circuit 
board so that construction, testing, and troubleshoot¬ 
ing are limited to simple circuits containing about ten 
components each (see Photo B). It's much safer mak¬ 
ing the journey step-by-step, rather than attempting 
one giant leap! 

Radio Shack circuit boards 276-024 are just the right 
size; extra holes are drilled through the large copper 
pads wherever they’re needed. A sewing-machine 
needle makes a satisfactory miniature drill bit. 

I've found that push-in terminals are practically 
indispensable for making external board connections 
such as ground, +12 volts, input, and output. 
These are available from Circuit Specialists, Inc. 
(No. 1495-PK). The circuit boards rest on aluminum 
spacers (Radio Shack No. 64-3024) and are fastened 
to the cabinet with machine screws. Solder lugs (Ra¬ 
dio Shack No. 64-3029) are grounded to the cabinet 
in a similar fashion. 

Use RG/174-U miniature coax cable for connections 
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on the signal path. This includes the connections be¬ 
tween the various stages and the connections from 
the antenna connector and the volume control. 
RG/174-U is available from parts stores that serve the 
TV repair trade. 

The crystals can be mounted directly on the circuit 
board, with the pins used as soldering terminals. Be 
sure to keep the crystal filter input and output well 
isolated. 

Circuit layout at this frequency is generally noncrit- 
ical. Still, it's best to position the local oscillator and 
BFO circuitry close to the front panel, with short runs 
of stiff wire to the tuning capacitors. Care should be 
taken in mounting the capacitors and toroids so that 
they are mechanically rigid. 

The Radio Shack 270-272 cabinet made an attrac¬ 
tive and sturdy enclosure for this receiver. Mounted 
on the rear panel are binding posts for power supply 
connections, a phono jack for the antenna, and a 
miniature phone jack for headphones or speaker (Pho¬ 
to C). The front panel layout includes the tuning knobs 
for the local oscillator and BFO, as well as the volume 
control and the on/off switch (Radio Shack 271-215). 

access to parts 

Radio Shack parts numbers are included for many 
of the components used in this project. The rest of 
the parts can be obtained by mail order. 2 3 The tun¬ 
ing capacitor with built-in vernier and dial pointer, 
available from BCD Electro, rates as a "best buy." Its 
threaded holes on the front and bottom allow easy 
mounting. For the prototype of this receiver I used a 
30-pF air-variable without a dial pointer but with a built- 
in reduction drive almost identical to that in the BCD 
Electro capacitor that had been liberated from a used 
CB rig. You may choose to forego the use of mechan¬ 
ical bandspread and instead use a small variable in par¬ 
allel with the main tuning control. 

The cost of this receiver is low. Using all new parts 
the receiver can be built for around $40, but of course 
with help from a respectable junkbox the cost can eas¬ 
ily be reduced to almost zero. 

alignment 

Before applying power, check the resistance be¬ 
tween ground and ihe + 12-volt line; it should be in 
the vicinity of 200 ohms. With the set turned on and 
the antenna connected, C4 and C5 should be adjust¬ 
ed for the desired frequency coverage. Tune C8 to 
place the BFO at the i-f. Cl, C2, and C9 are peaked 
for maximum volume. While a frequency counter and 
a signal generator would be helpful during the align¬ 
ment process, perfect results can be obtained with 
nothing more than a general-coverage receiver and a 
bit of patience. 



Photo C. Rear panel connections include (left to right) the au 
dio output jack, binding posts for the DC supply, and phono jack 
for antenna input. 


stNGi.r crystal nirtR 




fig. 3. I-f stage response using only one crystal. 


performance 

Sensitivity was measured using an IFR-1200 Com¬ 
munications Sen/ice Monitor and a Motorola R2001-B 
Communications Systems Analyzer. An input signal 
of 0.88 microvolts rms was required for a 

lOdil -LJ-JS 

A' 

A 0.1-microvolt signal was clearly discernible. 

The i-f selectivity allows (or good copy of both CW 
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New, bigger and better able to meet your needs. 


We're EXPANDING our product base 
Including these new itemst 

• New VHF Amp/Preamps with GaAs FETs • 
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and SSB. Naturally the response isn't as sharp as that 
of a commercial receiver with eight poles of filtering, 
but for all but the most adverse band conditions, selec¬ 
tivity is more than adequate. 

Stability is sufficient for casual CW work, but there's 
probably too much local oscillator drift for good results 
on RTTY or computerized CW. This is to be expect¬ 
ed with an LC oscillator running as high as 12 MHz. 
Herein lies a tradeoff between performance and cir¬ 
cuit complexity. A more stable (and more complex) 
local oscillator could be used at 12 MHz. (I've had good 
results with a series-tuned Colpitts VFO, but it also 
included buffer and doubler stages.) Alternatively, the 
simpler oscillator could be used down at 5 MHz for 
40-meter reception, and stability would probably be 
very good. A crystal-controlled converter could then 
be used for 20-meter coverage. 

other bands 

I tried the receiver on 30 and 40 meters, with good 
results. Only one change was necessary. For 30-meter 
reception I simply retuned preselector Cl. If Cl were 
replaced with a panel-mounted type, a 2-band receiv¬ 
er would result. For 40-meter reception, add a 220-pF 
capacitor across Cl. The local oscillator can be tuned 
down to 9 MHz. 

For operation on 80 meters, replace the antenna tun¬ 
er and the local oscillator toroids; LI will now have 
three turns; L2, 35 turns on a T-68-2 (approximately 
7 //H); and L3, 30 turns on a T-68-2 (approximately 5.1 
/tH). Tapped seven turns from ground. Add a 220-pF 
capacitor across Cl. A panel-mounted capacitor will 
be needed to peak the antenna preselector. A varia¬ 
tion of 15 pF will allow for a preselector tuning range 
of approximately 100 kHz. 

conclusion 

The builder who has assembled a few simple 
projects will find this superhet easy to construct and 
a pleasure to operate. Perhaps this project will pro¬ 
vide a bit of inspiration to some wou|d-be homebrew- 
er who has been discouraged by the supposed 
difficulty of building a complex receiver. 
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TECHNIQUES 


the super-cathode 
driven amplifier 

Although the cathode-driven 
(grounded-grid) amplifier looks sim¬ 
ple on paper, it is actually complex; 
what's more, some interesting varia¬ 
tions of the basic circuit can provide un¬ 
usual advantages to the user. 

Consider fig. 1. This is a simplified 
grounded-grid amplifier circuit with a 
tuned cathode input. The drive signal 
(e c ) is link-coupled to the tuned circuit, 
but a pi-network or other arrangement 
could be used as well. The grid of the 
tube is at RF ground potential and the 
exciting signal is applied between cath¬ 
ode and (grid) ground. 

Now look at fig. 2. All remains as be¬ 
fore, except that the grid of the tube is 
tapped on the cathode tank so that a 
portion (e g ) of the total drive signal is 
applied in-phase to effectively oppose 
the cathode signal (e c ). This is termed a 
super-cathode driven amplifier. Drive 
power is thus increased and stage gain 
is decreased. 

While it may appear ridiculous to de¬ 
sign an amplifier that demands more 
than the minimum amount of driving 
power, this circuit may be used to ad¬ 
vantage when it’s necessary to absorb 
excess drive power from the exciter. A 
case in point: an amplifier is desired to 
run 1 kW PEP input and deliver about 
650 watts output. It will be driven by the 
usual R F transceiver, with a power out¬ 
put of slightly over 100 watts. Aha! A 
single3 500Z, running at 2500 volts and 
400 mA, should do the job. A nice home 
project for the enthusiastic builder! 

Looking at the 3-500Z data sheet 
shows that the idea is practical except 



fig. 1. Simplified cathode driven circuit 
with driving signal applied between 
cathode and ground (grid). 




fig. 2. A portion of the drive signal (e g l is 
applied in-phase to the tube. This op¬ 
posed the larger cathode drive voltage. 
E c . This is termed a super-cathode driven 
amplifier. 


for one fact. The 3-500Z requires only 
about46 watts ofdrive power. Whatto 
do with the other 60 watts of drive pow¬ 
er available from the exciter? 

Some operators who have run into 
the problem of excess drive try to solve 
it by merely cranking down the mic gain. 
This may work if they don't get excited 
and run the gain up, and if the exciter is 


capable of proper ALC action at reduc¬ 
ed input (many aren't). 

Perhaps what's needed is inverse 
feedback in the amplifier to "soak up" 
excessive drive. This will help, but only 
marginally. A T-pad between exciter 
and amplifier? Yes, but unless the pad 
is switched in and out, it will remain in 
the circuit during reception . . . not an 
elegant solution. 

super-cathode driving 

This is a case where the super¬ 
cathode driven circuit comes into its 
own. Excess drive power is converted 
into "feedthrough" power and stage 
gain can be tailored to fit the available 
level of drive. 

Hold it! Don't rush out and start con¬ 
verting your 3-500Z amplifier to a super¬ 
cathode driven mode. Removing the 
grid from ground destroys the inherent 
isolation of the stage and instability is 
likely to result. What's required is a 

3- 500Z with an extra grid to be used for 
RF shielding purposes! Luckily, such a 
tube has been available for decades: the 

4- 400A. 

The 4-400A super-cathode 
driven tetrode amplifier 

At one time the 4 400A was widely 
used by Amateurs in grounded-grid am¬ 
plifier service. Merely tie both grids of 
the tube to ground and away you go. 
While the 4-400A wasn't designed for 
this class of service, it did work, provid¬ 
ed the user kept a close eye on grid cur¬ 
rent ... it was easy to exceed the No. 1 
grid wattage dissipation limit of the 
4-400A in classic grounded-grid service 
(see table 1). 

The 3000-volt conditions listed in 
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CALLBOOKS 



The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Callbook lists the calls, 
names, and address Information for licensed 
amateurs In all countries from Canada to 
Panama Including Greenland, Bermuda, and 
the Caribbean islands plus Hawaii and the 
U.S, possessions. 

The International Callbook lists the 
amateurs In countries outside North 
America. Coverage Includes South America, 
Europe, Africa, Asia, and the Pacific area. 

The 1987 Callbook Supplement Isa new Idea 
In Callbook updates; It lists the activity in 
both the North American and International 
Callbooks. Published June 1, 1987, this 
Supplement will Include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


a North American Callbook 
Incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

n international Callbook 
Incl. shipping within USA $28.00 

Incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

incl. Shipping within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

incl. shipping within USA $53.00 

Incl. shipping to foreign countries 58.00 


Illinois residents please add 6V*% tax. 
All payments must be In U.S. funds. 


Sllbook 


INC. 


RADIO AMATEUR 

cal 

Dept. F 

925 Sherwood Dr., Box 247 
Lake Bluff, IL 60044, USA 


Tel: (312 ) 234.6600 
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Table 1.4-400A (Voice Conditions). Ratings apply to4-250A. within plate dissipation rat¬ 
ing of 4-250A 


DC Plate Voltage 

2000 

2500 

3000 

volls 

Zero Signal DC Plale Current - 

60 

65 

70 

mA 

Single Tone DC Plale Current 
Single Tone DC Screen 

265 

270 

330 

mA 

Current 

55 

55 

55 

mA 

Single Tone DC Grid Current 

100 

100 

100 

mA 

Single Tone Driving Powet 

38 

39 

40 

wails 

Driving Impedance 

160 

150 

140 

ohms 

Load Impedance 

3950 

4500 

5000 

ohms 

Plate Input Power 

530 

675 

990 

waits 

Plale Output Power 

325 

435 

600 

wans 


'Varies from luhe lo lube 


table 1 are interesting. The simplified 
circuit is shown in-fig. 3. Grid and screen 
terminals of the tube are grounded and 
the drive is applied to the filament circuit 
in the conventional manner. Power in¬ 
put is 1 kW PEP and drive power is about 
40 watts - about thesameasa3-500Z. 

But the big advantage of the 4-400A 
is that it has two grids to play with. Grid 
No. 1 can be used to vary the power gain 
of the tube and grid No. 2 provides ex¬ 
cellent internal shielding. 

In passing, it should be noted that 
when used in a super-cathode driven 
circuit, the drive signal serves as a 
screen power source. Screen-to-cath- 
ode voltage (e sg ) is supplied by the drive 
signal as shown in fig. 4. The control 
grid of the4-400A is tapped to a point on 
the cathode circuit to provide the 
desired amount of "bucking" voltage 
(et,) and the screen element is at RF 
ground potential. Resting plate current 
is low because screen voltage is low 
(zero) with no drive signal. Converted 
drive power is large, as is total grid drive 
requirement. 

the K7BYQ-W7EPM tests 

In 1959 two EIMAC engineers, 
K7BYQ and W7EPM, ran extensive 
tests on a super-cathode driven ampli¬ 
fier using a single 4-400A tube.' The 
results of their tests are listed in table 2. 
They had difficulty getting the test am¬ 
plifier to work properly on the highest 
bands (20 and 10 meters) because 
ferrite-core filament chokes weren't 
available in those days. But the amplifier 
worked perfectly on the lower bands. 


■* -4Q0A 

o.- J J 
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fig. 3. The4-400A tetrode c< 
high mu triode for cat 
Igrounded grid! service 
cathode voltage (e S(J ) is eg 
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lode driven 
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and when a good filament choke was 
finally designed, performance was 
duplicated on the higher bands. 

However, in 1959, hams weren't 
troubled by an excess of driving power, 
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Table2. 4-4Q0A (voice conditions), super cathode drive. 


DC Plate Voltage 

3000 volts 

Zero-Signal DC Plate Current* 

30 mA 

Single-Tone DC Plate Current 

330 mA 

Single-Tone DC Screen Current 

60 mA 

Single Tone DC Grid Current 

30 mA 

Driving Impedance 

250 ohms 

Load Impedance 

5000 ohms 

Plate Input Power 

990 watts 

Plate Output Power 

625 watts 

Single tone Orive Power 

115 watts 

•varies from tube to tube 



the cathode-driven circuit hadn't yet be¬ 
come popular and the whole idea end¬ 
ed up in the dusty pages of history. 

Perhaps the super-cathode driven 
amplifier is today's solution to a 1 kW 
PEP amplifier driven by a 100-watt ex¬ 
citer. The 1959 experiments showed 
that the ratio between screen and grid 
voltages for a 4-400A in this circuit was 
about 5:1. The peak screen driving sig¬ 
nal was about 320 volts. The peak grid 
signal, then, is about one-fifth of this, or 
about 64 volts. 

How to obtain this voltage ratio be¬ 
tween grid and screen voltages? K7B YQ 
and W7EPM tapped the filament choke 
(fig. 5) directly. One side of the filament 
was grounded to complete the DC re¬ 
turn. Screen current was monitored as 
shown. 

Another scheme is to add a third 
winding, one having one-fifth the num¬ 
ber of turns of the bifilar winding, to the 
choke. Thus, if the choke has 30 bifilar 
turns, six turns could be added to 
achieve the 5:1 voltage ratio (f ig. 6). The 
ratio can easily be altered by changing 
the number of additional turns. 

If the number of turns between grid 
No. 1 and the filament (cathode) is too 
small, the amplifier resembles a straight 
forward grounded-grid stage. Driving 
power will be a minimum and grid cur¬ 
rent will be very high. As the number of 
turns is increased, grid current drops 
and grid drive level rises. Too many 
turns will make the tube very hard to 
drive. 2 

The data in table 2 is enough to get 
started. It will be interesting to see how 
this circuit works in conjunction with the 




solid-state exciters in common use to¬ 
day. Experimenters! Here'sachanceto 
try something different. 

For a reprint of the article describ¬ 
ing K7BYQ's and W7EPM's work with 
cathode-driven amplifiers, send four 
first-class stamps or IRCs to me at 
EIMAC, 301 Industrial Way, San Car¬ 
los, California 94070. Request bulletin 
AS-33. 
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MOVING? 

KEEP HAM RADIO COMING.. 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from this magazine and affix below. 

Then complete your new address (or any 
other corrections) in the space provided 
and well take care of the rest. 

Allow 4-6 weeks for 

**“■"*' correction. 
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PRACTICALLY SPEAKING 


from the mailbag 

Although I usually devote this en 
tire column to a single topic, I'd like to 
take this opportunity to respond to 
some of the questions readers have 
asked since this column began just 
over a year ago.* 

parts sources 

Several readers have asked where 
they can obtain parts for projects. If 
they're looking for standard parts, I 
refer them to ads in the pages of ham 
radio and other magazines. Sometimes 
parts needed for Amateur Radio 
projects can be found through local 
distributors, even though their primary 
market may be defined as consumer 
electronics service shops or computer 
hobbyists. Most semiconductor 
devices that you'll need are available 
from sources such as Jim-Paks or one 
of the consumer electronics replace¬ 
ment lines — for example, HEP, ECG, 
and NTR. 

Radiokit** offers a 1500-watt trans¬ 
match kit that can be used for a varie¬ 
ty of applications besides the stated 
purpose of antenna matching. Be¬ 
cause it contains a 28-/iH rotary induc¬ 
tor, turns counting dial parts, and a 
pair of 208-pF, 3500-volt variable capa 
citors, it can be adapted for use in 
homebrewed power amplifiers. Judg¬ 
ing from my mail about high-power rf 
parts, I suspect that the age-old habit 
of building linear and Class-C power 


"Readers are welcome to contact meat P.O. Box 1099, 
Falls Church, Virginia 22041. 

**Radiokit, P.O. Box 973, Pelham, NH 03076. 


amplifiers is not yet dead — despite 
the large number of commercial am¬ 
plifiers on the market. 

Obtaining parts for power amplifiers 
can be aggravating. While every local 
ham shop used to carry such parts, 
they are now difficult to obtain. One 
chap complained bitterly about the 
difficulty in obtaining the high-voltage 
plate transformer for a linear project. 
The parts list called for a commercial 
transformer, but the manufacturer was 
used to dealing only with commercial 
and industrial clients. There was a 
minimum factory order of $500, and no 
means for dealing with clients who 
lacked bank or Dun & Bradstreet refer¬ 
ences. For high-voltage, high-power 
parts for dc power supplies, try Peter 
Dahl Company. They make transform¬ 
ers suitable for amateur projects — 
and will actually deal with you! 

For a one-of-a-kind power amplifier 
project, of course, you can scour the 
hamfests and surplus shops. Unfor¬ 
tunately, while such parts were easily 
obtained from World War II surplus 
when I was a kid, those sources have 
since dried up. If you intend to write 
an article about the project for this or 
any other Amateur magazine, please 
don't use a part that was obtained at 
a hamfest, from a surplus house, or 
from under a buddy's workbench un¬ 
til you know for sure that the part is 
still available from other sources. For 
replication of your project by others, 
there has to be a reliable source of 
parts! 

There are some novel ways to find 
high-voltage power supply parts. For 
example, I needed an oil-filled high- 


voltage capacitor for a project. Now, 
if you've watched the right TV shows, 
you've seen physicians use a clever 
device called a defibrillator to "jump- 
start" patients who try to die of cer¬ 
tain kinds of heart attacks. The pad¬ 
dle electrodes are placed on the 
patients's chest, buttons are pressed 
and BLAM! — the patient's body 
lurches into the air a foot or so. 

Because I'd worked as a biomedical 
engineer in a university hospital, I'd 
had some experience with defibrilla¬ 
tors. The old standard defibrillators 
generated a damped capacitor dis¬ 
charge waveform from a 16-^iF capa¬ 
citor. Most of them consisted of a 7-kV 
dc power supply, a 16-/tF capacitor, 
and a dpdt vacuum relay that trans¬ 
ferred the capacitor terminals from the 
dc power supply to the patient elec¬ 
trodes (through a 100-/iH choke). Typi¬ 
cal defibrillators of a dozen years 
ago used a 16-nF/7500 wVdc or 
16- /iF/10,000 wVdc oil-filled capaci¬ 
tor that rarely went bad. Those capa¬ 
citors make ideal filter capacitors in 
ham power supplies. The transformers 
are useless for this application because 
of their current rating, which is too 
low. 

The vacuum relays (spdt in older 
machines, dpdt in later models) are 
useful for rf purposes. I used a relay 
from a scrap defibrillator to switch coil 
taps in a loaded vertical antenna many 
years ago. 

OK, so how do you go about locat¬ 
ing old defibrillators? They're not just 
lying around in surplus parts stores, are 
they? Yes, they are. I also saw one, 
an old American Optical defibrillator, 
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at the Gaithersburg Hamfest just a 
year ago. You might try calling the 
biomedical engineer at a nearby hospi¬ 
tal or checking with firms that deal 
in used hospital or veterinary equip¬ 
ment. Defibrillators are high-risk items 
for hospitals; malfunctions cost lives 
and result in malpractice suits. As a 
result, outdated equipment is often 
taken out of service while the relay and 
capacitor are still useful to hams. Look 
for models by American Optical 
(16-/<F/7500 wVdc), Hewlett-Packard 
116-/(F/10,000 wVdc or very old Air- 
Shields (25 /iF/5000 wVdc). Don't pay 
a lot for these machines. When dick¬ 
ering over the price, remember that 
they're too risky for the smart hospi¬ 
tal engineer to put back into service — 
and for the same reason, less useful for 
replacement parts than might be ex¬ 
pected. Other sources of parts include 
rf diathermy equipment, industrial in¬ 
ductive heating equipment, magnetiz¬ 
ing equipment, and so forth. 

amplifier tuning problem 

One reader complained that his 
commercial linear amplifier worked 
poorly, resulted in less than encourag¬ 
ing signal reports and (here's the clue) 
always tuned to the same spot on the 
loading dial. Furthermore, according to 
signal reports, the output was horribly 
distorted on 20 meters. My first 
thought, confirmed in conversations 
with two friends who work in radio 
transmitter repair, was that although 
something might be wrong with the 
amplifier, the most likely problem was 
in the antenna or transmission line. 

In my own experience, the only time 
my transmitter (and later linear) load¬ 
ed to the same point on the loading 
control dial was when the antenna (or 
coax) was either open or shorted. This 
problem was sometimes masked by 
the fact that the receiver still worked 
correctly. The 20-meter distortion was 
merely more pronounced than distor¬ 
tion on other bands. One explanation 
of ihe distortion would be improper im¬ 
pedance matching between the anode 
of the power tube and the antenna. 
Another possible explanation — one 
consistent with my experience 


would be that the shield on the coax 
was open, leaving the reception intact 
but obliterating the transmitter or linear 
tuning! If you're experiencing that kind 
of problem, check out the antenna be¬ 
fore messing with the transmitter. 

In most commercial equipment, 
''loading problems" are unlikely if the 
correct load impedance is presented to 
the output. Of course, they're possi¬ 
ble .. . but they're so unlikely that it's 
best to look for other causes first. The 
correct way to diagnose the problem, 
in my opinion, is to use a low-cost 
piece of test equipment that every 
Amateur ought to have: a 50-ohm 
dummy load. If the amplifier loads into 
the dummy, then I suspect the 
antenna. 

Of course, it should go without say¬ 
ing that the Amateur should check the 
antenna, transmission line, couplers, 
low-pass TVI filters, and switches or 
relays in the line. In some cases, dc 
resistance checks of switches and re¬ 
lays is not too useful at rf. While a 
"bad" reading is to be believed, a 
"good" reading might be a false indi¬ 
cation. If the dc resistance checks rev¬ 
eal no obvious fault, try checking the 
parts by either substitution or removal. 
In a future column, we'll deal with an¬ 
tenna instrumentation and trouble¬ 
shooting. 

coax velocity factor 

The velocity factor (VF) of a trans¬ 
mission line is a decimal fraction de¬ 
scribing the percentage of the speed 
of light (Cl at which signals propagaie 
in the line. For example, when we say 
that ordinary coaxial cable has a vf of 
0.66, we are saying that the signal trav¬ 
els in the line at 66 percent the speed 
of light. When we want to cut a length 
of coax to a specific electrical length, 
we calculate the physical length re¬ 
quired for that frequency and then 
multiply by the VF. A common exam¬ 
ple is the half-wavelength transmission 
line. The impedance of a load (such as 
an antenna) is repeated every half¬ 
wavelength back down the line. If we 
want low-cost antenna measuring in¬ 
struments to be accurate, then we 
should use a connecting transmission 


Crystal 
it Filters 

15th ANNIVERSARY SALE 
TRIPLE DISCOUNTS 



On a single order, save 10% on your lirst filler, 
20% on second. 30% on third (or more). 

EXAMPLES: 1 $60 Filler lor $54 2 lor $102. 3 
lor $144. 4 for $186, etc. To save most, gel a 
group together; combine your orders Save on 
Discounts. Save on Shipping Costs Mix or 
Match Finer types in me same Price Group 

8-P0LE FILTERS FOR KENWOOD 

8.83MHz IF for TS120 through TS940 -Reg. $60 
Bandwldlhs 250, 400 1800 2100. 6000Hz 

Cascading Boards (used with 2100 Filter) lor 
TS430S - S20. TS520S - $15. TS820S- $15 
455 KHz IF lor TS830/930/940 - Reg -5110 
Bandwldlhs available CW 400 Hz; SSB 2.1KHZ 
NOTE. Do nol mix with $60 units lor discounts 
Matched-Filter Pairs for Above - Reg. $170 ea. 
(8 83nihZ and 455KHzj SSB: 2100. CW: 400Hz. 

Super-Special. One pair • $140. Two ■ $260 
3.395MHZ IF lor TS520. TS511. R599 - Rag. $60 
Bandwldlhs Available 250. 400, *1800. 2400Hz 

EXTRA SPECIALS! 

"3.395MHz 1800Hz use $50 List, then discount 
TS440S Pair (CW & SSB) discounted price $95 

Same deal for 

YAESU, DRAKE, IC0M and HEATH 
Write or PHONE for Sale Prices. 

LIMITED QUANTITIES - ORDER NOW! 

SPECIFY Make and Model Number ol you-' Rig. 

Frequency and Bandwidth ol liiter(s) 
ORDER by Mail or Phone - VISA/MC or COD OK. 
SHIPPING. $5 US and Canada. $12 elsewhere 

GO FOX-TANGO - TO BE SURB 
GET THE BEST - FOR LESS'. 

FOX-TANGO Corp. 

Box 15944, W. Palm Bch, FL 33416 
Telephone. (305) 683-9587 



Toroid Cores. 
Iron Powder 
& Ferrite. 
Ferrite Beads. 
Ferrite Rods. 


Free catalog and winding chart on request. 


ENGINEERS 

Box 455, Escondido, CA 92025 
Phone: (619) 747-3343 
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line that is an integer multiple of half¬ 
wavelength. To find the correct physi¬ 
cal length, we would use the half 
wavelength formula multiplied by the 

VF of the coax: 

, _* 492 ... I/f , 


where: 

L is the length in feet 
f is the frequency in megahertz 
VF is the coax velocity factor 
When we work through an example, 
we find that a 20-meter half-wavelength 
(492/14) is 35 feet. If we use regular 
coaxIVF = 0.66), then we find a correct 
physical length to achieve an electrical 
half-wavelength is (35 x 0.66), or 23.1 
feet. 

Standard Amateur literature (includ¬ 
ing mine) usually cites the following ve¬ 
locity factors for common coax: 
Regular Polyethylene: 0.66 
Polyfoam: 0.80 
Teflon: 0.70 


We take these figures as gospel true, 
only to find problems on the work¬ 
bench. I discovered this problem years 
ago in a marine radio shop (the old- 
fashioned kind, where a "frequency 
meter" was a war surplus BC-221) 
where we used coaxial cable as a 
calibrator for depth sounders. Those 
■devices send an ultrasonic pulse to the 
bottom and then time the return echo. 
We used a precisely cut roll of coax to 
time the signal to exactly 100 feet. 

But the physical length I was ordered 
to cut didn't make sense if the coax VF 
was 0.80. The shop owner informed me 
(and he turned out to be right!) that 
most coax only approximates the speci¬ 
fied velocity factor. Fie showed me a 
method of measuring VF in any given 
sample of coax (see fig. 1). The proce¬ 
dure is as follows: 

1. Cut a convenient length of coax (20 
to lOOfeet). Measure its physical length 
as accurately as you can. 

2. Connect the coax to a signal genera¬ 
tor and either an oscilloscope or rf volt¬ 
meter as shown infig. 1. (The junction 
box shown in the inset is useful.) Short- 
circuit the distant end of the coax. 

3. Calculate the approximate half¬ 
wavelength frequency from 

, 492 ■ VF 

' ' L 

using the "standard wisdom" velocity 
factor given above. 

4. Adjust the signal generator output to 
maximum and get a decent deflection 
on the oscilloscope. Rock the frequen¬ 
cy back and forth to find the frequency 
at which the trace on the oscilloscope 
drops to its lowest point. This frequen¬ 
cy (which can be read on the optional 
frequency counter) is the electrical half¬ 
wavelength frequency. It is nulled be¬ 
cause the short circuit at the end is a 
zero-ohms impedance, and is reflected 
exactly to the feedpoint at the half¬ 
wavelength frequency. 

5. Calculate the actual VF from 
(fxL)/492. 

For example, I bought a SO- foo t roll of 
RG-58 coax of unknown ancestry at a 
hamfestlit measured51 feet). Because 
it was foam coax, the standard-wisdom 
VFwasO.80. Thus, a 51 -footlength was 


an electrical half-wavelength on a fre¬ 
quency of (492 x 0.80)151 ft), or 7.72 
MHz. When I measured it using the 
method shown in fig. 1, the "short- 
circuit frequency" that indicated half¬ 
wavelength was not 7.72 MHz, but 
7.13. Thus, the actual VF was 
7. A? ■ 5/ 

492 , or 0.74. 

While the actual velocity factor isn't 
terribly important for most Amateur an¬ 
tenna work, it can be important in meas¬ 
urements of antenna parameters, or in 
cases (like my marine shop employer's) 
where the coax is used in another meas- 
urement system. 
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sunspot minimum 
update 

You can expect current DX propaga¬ 
tion conditions to last for about a year 
after we pass the sunspot number 
(SSN) minimum; it will take about that 
long before much change can be noted. 
But when is the minimum? Have we 
reached it yet? Let's review the data so 
far. 

Since our last look (in April, 1985) the 
SSN has shown more flattening, sink¬ 
ing to a value of 16 at the end of 1985. 
Even the increased solar activity in 
February and March, 1986 raised the 
SSN only moderately. In June, a new 
low in observed sunspots for this 
11-year cycle was reached, but more ac¬ 
tivity occurred in the following months. 
Was June the minimum? At that point, 
the present sunspot cycle was ten years 
old (see "DX Forecaster," October 
1985, page 105). 

The new cycle (No. 22) region data 
analysis shows that an active region or 
two may have been seen for a day or so 
in April, May, and July of 1985. From 
September, 1985 on they were more 
numerous, were seen by more observa¬ 
tories, and lasted long enough for mag¬ 
netograms to be obtained for polarity 
determination. In January, 1986, those 
of reverse polarity were seen. Febru- 
ary'sflaresand mammoth geomagnet¬ 
ic disturbance were caused by a Cycle 
22. sunspot. 

The SSN minimum should occur 
about a year after the first spots of the 
new cycle are observed. So is that Sep¬ 
tember, 1986, or January, 1987? Your 
guess is as good as mine. 

second corroboration 

Now let's look at the solar flux 


DX FORECASTER 
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(10.7-cm emissions) data. The solar flux 
minimum should be near, but probably 
not coincident with, the SSN minimum; 
it should occur within approximately 
one month of the SSN minimum in data 
corrected for distance. In determining 
the solar flux minimum (at the sun), 
scientists correct for the distance, 
producing a different minimum in their 
data than solar flux data from WWV.* 

Prior cycles solar flux minima were 
recorded in June, 1954, July, 1964, and 
June, 1976; notice all were in the sum¬ 
mer. There were 10.08and 10.87 years 
between these minima, respectively. 

In 1986, the solar flux increased in 
February and March — as did the SSN 
— then decreased steadilyuntil June. If 
the solar flux minimum for Cycle 21 oc¬ 
curred in June, 1986, with a monthly 
average value of 67.5 and seven daily 
values of 66 in a row from June24to30, 
the duration of the interval between the 
1976 minimum and the 1986 minimum, 
then, would have been 11.05 years. 

One can expect a daily value lower 
than 66 because the other minimum 
daily values were 63.0, 64.7, and a 66, 
which occurred during Cycle20, lower 
in maximum amplitude than Cycle 21. 
Therefore we may expect a lower daily 
minimum value during the coming 
months. 

Could a lower daily minimum value 
occur next summer? If it did, this would 
mean that the duration of the solar flux 
cycle would be at least 11.93 years. Not 
likely! Scientists at the Space Environ- 

* A change in the earth sun distance (e. g., between sum 
mer and winter) equates to a change in the included 
solid angle and consequently the amount of intercept 
ed solar flux. Scientists normalize to one A.U. (astro 
nomical unit -earth-sun distance) and WWV mea 
sures the data directly. - Ed. 


ment Center at Boulder have conclud¬ 
ed that considering all the variables, the 
SSN minimum will probably occur dur¬ 
ing the first half of 1987. This forecast 
gives a Cycle 21 duration of 10.5 to 11 
years, which is a reasonable length. 
Time will tell how all this analysis of data 
will turn out. 

last-minute forecast 

The lower frequency bands, 30 to 160 
meters, are expected to be excellent 
during the first two weeks of November. 
Summer and fall thunderstorm noise 
should be behind us, leaving quiet con¬ 
ditions with low QRN and also few ge¬ 
omagnetic disturbances. The maximum 
usable frequencies are low enough that 
80 meters is near optimu m for east-west 
and northern DXing at night. The higher 
bands may have some good openings 
during the second and third weeks. Ex¬ 
pect some transequatorial openings in 
the evenings. They could be enhanced 
by sunspot activity and/or geomagnetic 
disturbances. There is the possibility of 
low signal strengths for a few days at a 
time, during both day and night, over 
the next few months. 

The Taurids meteor showers will oc¬ 
cur from October 26 to November 22, 
with a maximum count of ten per hour 
from the 3rd through the 10th of 
November. Lunar perigee is on the 4th, 
and a full moon appears on the 24th. 

band-by-band summary 

Ten and twelve meters, the highest 
day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 7- to 
10-hour period centered around local 
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broadband amplifiers in 
receiver design 

Electronic technology is roaring for 
ward. Sometimes that's bad, but 
generally speaking, it's good for 
Amateur Radio. Prices decrease, 
devices get smaller, and sometimes, 
performance improves! However, 
when technology changes, we often 
must learn new tricks or change the 
way we do things if we're to take ad¬ 
vantage of the latest developments. 
This is a small price we pay. 

Such is the case of small signal rf 
amplifiers. Only 20 years ago the 
Nuvistor was a premium device used 
in many of the low-noise VHF and 
UHF converters. Then came the bipo 
lar transistor, which was followed by 
the JFET, MOSFET, and the GaAs 
FET. Each one of these devices caused 
us to change the way we designed our 
gear. We went from multiple power 
supplies with hundreds of volts and 
filament voltages to single low-voltage 
supplies, often below 5 volts. 

At the same time, the circuitry has 
changed dramatically. Tubes often re¬ 
quired large boxes and complex neu¬ 
tralization circuitry. New techniques 
such as grounded-gate JFETs or dual¬ 
gate MOSFETs solved some of the 
neutralization problems. Special feed¬ 
back and loading techniques alleviat¬ 
ed most of the remaining solid-state 
stability problems. Finally, broadband, 
unconditionally stable circuitry arrived. 
This, too, required a change in think¬ 
ing because filtering was not contained 
within the circuit itself. 

Traditionally November marks the 
appearance of the annual ham radio is¬ 
sue spotlighting receiver technology. 


The subject of receivers has been a 
part of VHF/ UHF World from the 
start. Several areas of receiver design 
— including rf amplifiers, mixers, lo¬ 
cal oscillators, filtering, and high- 
dynamic range — have been co¬ 
vered.’ 5 In keeping with that custom, 
this month's column will be devoted to 
receiver-type rf amplifiers and more 
specifically, broadband amplifiers and 
how they can be applied to new or ex¬ 
isting receivers. 

rf amplifier design trends 

In the past, most Amateur gear used 
narrowband tuned amplifiers (fig. 1A). 
This was good because the selectivity 
decreased out-of-band signals as well 
as the image frequency. These same 
tuning circuits performed the im¬ 
pedance matching required for the 
device in use. Dynamic range was 
usually enhanced, but input circuit 
losses often increased the noise figure. 

Today's design trend is to use "gain 
blocks" that cover a wide band of fre¬ 
quencies. Usually these broadband cir¬ 
cuits are rf amplifiers optimized for 
similar input/output impedances such 
as 50 ohms or 75 ohms, with the lat¬ 
ter used mostly in the CATV business. 
Because these amplifiers often cover 
many octaves of frequency (each oc¬ 
tave is a 2:1 frequency range), they re¬ 
quire additional external filtering (fig. 
IB). This often consists of a bandpass 
filter at the input and possibly one on 
the output of the amplifier. If desired, 
these filters may be located external to 
the amplifier and mounted in a shield¬ 
ed box following modular construction 
techniques described in reference 1. 

The number of broadband small- 


signal rf amplifiers presently available 
is large, surely in the hundreds. Each 
has a unique set of specifications that 
include rf bandwidth, gain, impedance 
match, noise figure, and output pow¬ 
er handling capability. The principal ac¬ 
tive devices used are bipolar transistors 
and GaAs FETs. The most common fre¬ 
quency range is 1 to 500 MHz. Many 
bipolar broadband amplifiers are speci¬ 
fied to work up through 6 GHz. Some 
GaAs FET devices work well up into 
the millimeter-wave region. 

amplifier evolution 

To gain an appreciation for the 
changes in technology, it may be 
worthwhile to review some of the 
techniques used to design these 
broadband amplifiers. While it is the¬ 
oretically possible to design broadband 
compensation networks, they are 
complex and may be lossy. The prin¬ 
cipal breakthrough for broadbanding is 
in the proper application of wideband 
negative feedback. 

The earliest practical broadband cir¬ 
cuits that I am aware of used discrete 
transistors with shunt and series feed¬ 
back (see fig. 2A). The founders of 
Avantek discovered that a broadband 
impedance match could be realized if 
a proper high-frequency transistor was 
used with certain combinations of 
shunt Rf and series Re feedback. The 
patented equation is as follows: 

Fry = Fy'F[. 

where R<> is the input/output im¬ 
pedance, R/. is the shunt and R h: is the 
series feedback (including the internal 
impedance of the base-to-emitter junc¬ 
tion of the transistor) per fig. 2A. 

The ratio of these two resistors de- 
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fig. 2. Typical rf representation of various feedback techniques. In some cases the dc por¬ 
tion of the circuit has been deleted for clarity. (A) shows series R, and shunt R f negative 
feedback; (B). lossless feedback employing transformer matching 3 ; (C), feedback em¬ 
ploying hybrid couplers’, and (D). two-stage series and shunt feedback. 10 (El shows 
Darlington connection, a version of fig. 2A"’• ,I R b and R bias are bias resistors to establish 
the correct DC circuit parameters. 


termines the gain, which can be ap¬ 
proximated using the following 
equation; 


G = 20 log 


Rf-Re 
R o + r e 


where G is gain in dB and R F . Re and 
Ro are as described above. For exam¬ 
ple, if Rf \s 500 and Re is 5 ohms, the 
amplifier will be impedance matched 
to R 0 , 50 ohms, and will have a gain 
of approximately 19 dB. 

The higher the value of the series 
feedback resistor, Rg the lower the 
shunt feedback resistor, Rf must be 
to maintain the match and vice-versa. 
Low ratios of R F !R E yield lower gain. 


higher noise figures, and lower output 
power compression points. High 
ratios of R f /Re yield greater gain, 
lower noise figures, and higher output 
power compression points. Although 
this feedback technique is patented, 
the patent is near expiration. 6 Refer¬ 
ence 2 showed a typical application of 
this circuit with proper dc biasing. 

"Lossless feedback" techniques 
have also been patented. 78 Figures 
2B and 2C are some typical rf circuits. 
The circuit shown in fig. 2C is often 
referred to as directional coupler 
feedback. 

The principal advantage of lossless 


feedback is that there is very little im¬ 
pact on noise figure or output power 
due to the feedback circuitry. However, 
these circuits are more difficult to im¬ 
plement over a wide frequency range 
because of the complexity of the feed¬ 
back transformer. Reference 2 showed 
an application of lossless feedback 
with a typical circuit. 

Most of the early broadband rf am¬ 
plifiers used discrete components and 
were somewhat limited in perfor¬ 
mance. In premium designs, "tweak¬ 
er" inductors and/or capacitors were 
often added to tune out any circuit or 
component mismatches. Cost was 
moderate to high. 

In the early 1970s, hybrid techniques 
using thin or thick film resistors, induc¬ 
tors, and capacitors — as well as chip 
capacitors and transistors — were 
popular. These units exhibited im¬ 
proved performance, but were still 
moderate to high in price. 

Meanwhile, integrated circuit manu¬ 
facturers were also trying to design 
broadband amplifiers. However, the 
techniques and materials in the sub¬ 
strates often limited the performance 
to an upper frequency limit of 100 
MHz. 

More recently, bipolar 1C designs 
have moved up in frequency. These 
are referred to as silicon microwave 
monolithicICs(MM\Cs). The Signetics 
NE5202 will operate up to about 600 
MHz, while the NEC MM765, MM766, 
and /rPCI 656C and their related families 
will operate to just over 1 GHz. 9 These 
1C circuits all use a two-stage shunt and 
series feedback circuit that I found 
described in reference 10(seefig.2DL 

High-performance, high-frequency 
(i.e., up through 6 GHz), single-stage, 
bipolar MMIC designs have now ar¬ 
rived in packages the size of an ordi¬ 
nary microwave transistor! 11 The cir¬ 
cuitry used is related to that shown in 
fig- 2A, except that some manufac¬ 
turers use a Darlington connection of 
two transistors, as in fig. 2E. Improved 
transistors, substrate materials, and 
photo-lithography now allow very 
small geometries with greater control 
of parasitics. This yields more uniform 
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fig. 3. Typical applications using MMICs. (A) is a broadrand amplifier. Cl and C2are dc 
blocking capacitors, C b is a bypass capacitor, FT is a feedthrough capacitor, L is an rf 
choke and R is the biasing resistor chosen depending on the manufacturers design. Typical 
values are 100 to 1000 ohms. (Bl shows an amplifier with two isolated outputs. Either a 
hybrid in-phase splitter or a Wilkinson power divider can be used.* Each output will be 
approximately 3 dB below the input. (Cl is a typical applications of an LO amplifier with 
extra filtering. 


performance and a higher frequency of 
operation at a much lower cost. 

Finally, GaAs FET MMICs are being 
manufactured that will significantly in¬ 
crease the state-of-the-art frequency 
limits with lower noise figures than 
bipolar MMICs. The less expensive 
lower-gain devices use circuits similar 
to fig. 2A. These GaAs FET amplifi¬ 
ers show great promise, although they 
are more costly than bipolar devices at 
the present time. 

applications 

So where does that leave us? The 
answer is that if we want to take ad¬ 
vantage of the low-cost, small size, 
and higher performance MMICs, we 
have to again adapt to the recent 
changes in technology. 

MMICs are going to be a way of life. 
They're small in size, require only a 
minimal number of external compo¬ 
nents, are broadband, easy to bias 
(most require only a single supply vol¬ 
tage and possibly one external resis¬ 
tor), unconditionally stable, and offer 
a good impedance match over many 
octaves of frequency. Furthermore, 
they're easily replaceable as new and 
higher performance units become 
available. 

Let's examine some typical applica¬ 
tions. MMICs have nominal noise 
figures of 3 to 7 dB (see tables 1 and 
2). Therefore, their noise figures are 
more than adequate for the first stage 
in moderate performance or low-cost 
receiver front ends, especially for lo¬ 
cal contacts. Many of the MMICs 
available also have moderate output 
power (10 to 20 milliwatts or +10 to 
+ 13 dBm), making them ideal for 
second-stage or post-amplifiers in 
receivers or i-fs. 

Figure 3A shows a typical hookup 
for a "generic" MMIC. Some typical 
circuit board layouts with their amplifi¬ 
cation characteristics were described 
in reference 12, so they will not be 
repeated here. 

MMICs are usable for remote or 
second-stage preamplifiers when 
tower-mounted gear is used. They're 
ideal as broadband amplifiers for use 
ahead of scanners or receivers that 


cover a wide range of frequencies, es¬ 
pecially if they're outside the Amateur 
bands. 

Many Amateurs are using MMICs 
for LO (local oscillator) amplifiers, par¬ 
ticularly where two outputs are desired 
for transverter applications, per refer¬ 
ence 5 (see fig. 3B). A further appli¬ 
cation in LO service is where there is 
insufficient power to drive a DBM 
(double-balanced mixer). This is par¬ 
ticularly true above 1 GHz, where 
some of the multipliers used have low 
output or low multiplier efficiency (see 
fig. 30. 

In a quick experiment, I hooked up 
two MMICs in a push-push configura¬ 
tion to see how they would perform as 
a balanced multiplier. I was quite 
pleased with the results. Figure 4A 


shows a preliminary circuit which 
could be further optimized or possibly 
use higher-power MMICs. 

The output of this balanced doubler 
is free of spurious responses and 
works well through 500 MHz. This 
could undoubtedly be extended up¬ 
wards in frequency with a better trans¬ 
former design. Gain is moderate, 5 to 
8 dB, especially when the input level 
is below 1 milliwatt. External filtering 
is desired, but it can be very minimal 
because the undesired outputs are 
typically at least 20 to 25 dB below the 
desired output signal. 

If the MMIC outputs are hooked up 
in push-pull instead of push push (fig. 
4B), they should perform as a moder¬ 
ate gain tripler. I haven't tried this con¬ 
figuration, but it should be feasible. 
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Table 1. Some of these reasonably-priced commercial bipolar MMICs may be of interest 
to Amateurs. 


Part 

Supplier 

Frequency 

Typical 

Noise 

Output 

Voltage/ 

Price 

Number 


Range 

GHz 

0.5 GHz 
gain(dB) 

Figure 
(dB)at 
500 MHz 

Power 

dBm 

current 

(mA) 

each 

$ 

MAR-1 

Minicircuits 

DC 1 

12 

5.5 

0 

7/20 

1.50 

MM765 

NEC 

0.01 1.1 

19 

5.5 

10 

10/43 

7.20 

MM766 

NEC 

0.01 1.3 

18 

5.5 

5 

5/20 

7.20 

MSA-0104 

Avantek 

0.05-2.5 

17 

5 

1.5 

5/17 

2.75 

MSA 0204 

Avantek 

0.05-2.5 

12 

6 

4.0 

5/25 

2.90 

MSA 0304 

Avantek 

0.05 2.5 

12 

6 

10 

5/35 

3.00 

MSA 0404 

Avantek 

0.05-3 

8 

6 

12 

5/50 

3.25 

MSA-0185 

Avantek 

0.05 2.5 

17 

5 

1.5 

5/17 

3.15 

MSA 0285 

Avantek 

0.05-2.5 

12 

6 

4.0 

5/25 

3.25 

MSA-0385 

Avantek 

0.05 2.5 

12.5 

6 

10 

5/35 

3.35 

MSA-0485 

Avantek 

0.05-3.8 

8 

6 

12 

5/50 

3.55 

MSA-0835 

Avantek 

0.5-6 

28 

3 

12.5 

8 5/36 

11.25 

MWA0204 

Motorola 

0.01-3 

12 

6 

4 

5/25 

2.65 

NE5205 

Signetics 

DC-0.5 

19 

6 

4 

6/24 

2.80 

PC1656C 

NEC 

0.01 0.75 

19 

5.5 

10 

10/43 

4.15 


Table 2. The following reasonably-priced 
commercial GaAs FET MMICs may be of 
interest to Amateurs. 


Part 

CGY 40 

NEPA 1001 

Supplier 

MSC/Siemens 

NEC 

Frequency 

range 

0.5 4 

0.5-3 

Typical 

0.5 GHz 
gain (dBI 

9 

11 

Noise 
figure 
at 500 MHz 

3 

4 

Output 

power 

(dBMI 

17 

9 

Voltage 

/current 

(mA) 

+ 5/60 

5/60 

-5/4 

Price 

$16.30 

$23 <S> 

5M quantity 


However, the harmonic output will re¬ 
quire slightly more complex filtering 
because the number of output fre¬ 
quency components will increase. 

suppliers and devices 
available 

So far I've mentioned only general 
trends in circuit design and capabilities 
of hybrid circuits and MMICs. There 


are many suppliers of each. Some of 
the major suppliers of 50-ohm broad 
band hybrid rf circuits are Anzac, 
Avantek, Aydin Microwave, Hewlett 
Packard, MiniCircuits Labs, Motorola, 
Optimax Division of Alpha Indus¬ 
tries, Q bit, TRW, and Watkins John¬ 
son. Suppliers of MMICs include 
Avantek, Minicircuits Labs, Motorola, 
MSC/Siemens, NEC, and Signetics. 

Table 1 isa list of the most common 
low-cost bipolar MMICs that are avail¬ 
able to Amateurs. Table 2 lists some 
low-cost GaAs FET MMICs. Just as 
with transistors and FETs performance, 
the variations in frequency, gain, noise 
figure, and other parameters, are many. 
Hybrids and MMICs are presently avail¬ 
able up to several watts of output from 
dc through the millimeter-wave range! 

Probably the biggest thing for us to 
do as Amateurs is to become familiar 
with the devices that are available and 
use them wherever possible. In this 
regard, the GaAs FET MMICs are the 
most exciting because they hold the 
key to lower noise figures, higher fre¬ 
quencies of operation, and higher out¬ 
put power. 

summary 

Time and space have not permitted 
a long dissertation on the subject of 
hybrid and MMIC broadband rf ampli¬ 
fiers. Instead, only an overview has 


been presented. The references 
provided and data sheets available 
from the manufacturers shown will fill 
in the blank spaces. Some of these 
devices will be discussed in future 
columns. 

These MMICs are not always the ul¬ 
timate nor necessarily the desired 
choice for the front end of a low-noise 
receiver. However, they are good 
choices for second stages and input 
stages where noise figure is not at a 
premium. They are also recommend¬ 
ed in intermediate frequency circuits or 
where gain is desired over a wide fre¬ 
quency range. Don't overlook their 
possiblities in transmitters as low-level 
stages. . . but that's another story! 

We've only just scratched the sur¬ 
face. The MMIC manufacturers have 
already moved one major step for¬ 
ward. Not only are they providing am¬ 
plifiers, but now whole "subsystems" 
are appearing — complete with rf am¬ 
plifiers, mixer, local oscillator, and i-f 
amplifier, all built on a single substrate! 
Who knows what's in store in the 
future? 
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new records 

Summer is historically the time when 
VHF/UHF/SHFers go mountain-top¬ 
ping and otherwise take advantage of 
the improved propagation brought on 
by more favorable weather. This sum¬ 
mer was no exception. 

At least three difficult DX records 
have been recently set in North Ameri¬ 
ca. I don't yet have all the details, but 
here's a preliminary summary. 

The 9-cm, 3456-MHz record now 
belongs to WA5TNY/5 and W7CNK/5 
at approximately 222 miles. This was 
a tropo shot from Oklahoma City, Ok¬ 
lahoma, to Grapevine, Texas. Up in 
Oregon, WA3RMX and WB7UNU set 
a new 12-mm, 24.2-GHz line-of-sight 
record of approximately 115 miles. One 
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of the important facts about this 
record is that it was done with only 20 
milliwatts and on two-way SSB! 

Reports are circulating that some of 
the trans-Pacific VHF/UHF DX records 
may have also fallen in early August, 
especially on the 23-cm (1296-MHz) 
band between Hawaii and San Diego, 
California. I hope to be able to provide 
more details on these important events 
next month. 

Congratulations to the new record 
holders! 
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fig. 4. Examples of multipliers using MMICs. (A) isa frequency doubler. U1 and U2areAvan- 
tek MSA0104s orequivalent. T1 isatrifilarwound transformer with threeturnsof No. 32 
AWG per winding on a FairRite type 2843002402 or equivalent binocular core. Frequency 
range is limited by transformer characteristics. As shown the limit is about300 MHz on 
the input. (B) is an example of a proposed tripler using MMICs. T1 and T2 are similar to 
T1 in fig. 4A. See text for further information on both circuits. 


important VHF/UHF events: 


November 2 

Predicted peak of the 
Taurids Meteor Shower 
at 1520 UTC. 

November 3 

Predicted peak of the 
Casseopids Meteor 
Shower at 1515 UTC. 

November 4 

EME perigee 

November 17 

Predicted peak of the 
Leonids Meteor Show¬ 
er at 0850 UTC. 

November 22/23 

A PPL EME Contest, 
second weekend. 

December 2 

EME perigee 

December 13 

Predicted peak of the 
Geminids Meteor 
Shower at 1250 UTC. 

December 21 

± 1 month. Winter 
peak of sporadic E 
propagation. 


December 22 Predicted peak of the 

Ursids Meteor Shower 
at 0400 UTC. 

December 30 EME perigee. 

ham radio 


HAPPY BIRTHDAY 

to 

MILT LOWENS, N4ML 
...78 years young! 


1986 Summer Radio 
Amateur Call Book 
Supplement 

$9.95 + $3.50 shipping 

Send $13.45 to: 


Ham Radio’s Bookstore 

Greenville, N. H. 03048 
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waterproofing fittings 

Keeping water out of antenna fit¬ 
tings, traps, and other outdoor assem¬ 
blies can be a tough problem for most 
hams. Products often recommended 
in construction articles may be difficult 
to obtain. They may be expensive. But 
there is an alternative: Plastic Rub¬ 
ber™*, an inexpensive material that's 
readily available at most hardware 
counters and works better than a lot 
of other products I've heard recom¬ 
mended. 

Plastic Rubber can be used freely on 
such things as coax fittings that will be 
exposed to the weather and on the 
seams of mini-boxes or other enclo¬ 
sures that must be kept watertight out¬ 
doors. 

As it comes from the tube, it's either 
a gooey white or black liquid that 
quickly becomes tacky when exposed 
to air. It dries to the touch in 5 or 10 
minutes, but remains soft and "ten 
der" for an hour or two. When it has 
cured for several hours it dries to a 
tough, rubbery film a few mils thick. 
The film never becomes brittle. 

I've used Plastic Rubber to seal coax 
fittings on 2-meter beams that re¬ 
mained in the air for several years of 
use, then lay on the roof for several 
more years of disuse after they were 
replaced by another beam. Even after 
all this exposure to Florida's summer 


sun, winter frosts, and plenty of thun¬ 
derstorms, I found the seals intact. 
Two pairs of pliers had to be used to 
unscrew the shells of the PL-259s; the 
interior threads were as clean and un¬ 
corroded as they were when the fit¬ 
tings came from the store. In fact, it 
was difficult to peel the material from 
the metal. In many places, I had to 
scrape off the Plastic Rubber with a 
knife or file to get to the metal. 

I haven't run tests on VHF or UHF 
losses in the material in those places 
where it's used as a dielectric, but any 
losses appear to be within acceptable 
limits. I can't detect any change in per¬ 
formance after application of the mate¬ 
rial to the solder connections of some 
SO-239s used to mount a half-wave 
balun on the beam. 

Plastic Rubber also makes excellent 
seam-sealer for those leaky tents on a 
rainy Field Day. Apply it to the tent 
seams while the material is complete¬ 
ly dry and let it cure for a day or two 
before re-folding the tent to prevent 
treated seams from adhering to each 
other. The material never stiffens and 
repeated folding of the tent doesn't 
erode the seal. 

George L. Thurston, III, W4MLE 

'“Plastic Rubber" is a trademark of the 
Duro Division of the Loctite Corpora¬ 
tion of Cleveland, Ohio 44128. 
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include $5 tor IJPS Blue — -IB slates 
Write? about Transverlcrs and GaAs Foi pieamps 

Free caialoo 

DOWN EAST MICROWAVE 

Bril Ok, on, W3HQT 


~VISA_ 


Box 1655A, RFD 1. Burnham, ME 04922 
(207) 948-3741 
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MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 



WITH TEC-200 FILM 

JUST 3 EASY STEPS: 

• Copy circuit on TEC-200 film using 
any plain paper copier 

• Iron film on lo copper clad board 

• Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8V? x 11 she ^ 173 

5-Sheets for $3.95 
10 sheets only $5.95 

,ii)fl SI DO |io r .toiji* MY r« r , arid soles to* 

The MEAD0WLAKE Corp. 

Dept. V. P.O. Box 497 
IMorthport. New York 11768 


COLLINS 
KWM-380 
,KEYBOARD 

Pipo Cormnumca- 
lions Has The Key¬ 
board Thai Is Used 
With The Collins 
KWM-380 For 
Remote Entry 
KEYBOARD-MOUNT INC FRAME & SHIPPING S2& 

To know more about our Touch-Tone’ Encoders. 
CALL OR WRITE FOR FREE CATALOG A 
INFORMA HON GUIDE 
Ptpo Communications 
P.O Box 3435 * Hollywood CA 90Q7B 

213(852-1515 *ATA1 


^>ipo Communications' 

Emphasis is on Qualify & ftailab/iity 
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products 


high-performance receiver 

Kenwood's new R-5000 high-performance re 
ceiver isn't just another all-hand, all mode receiv 
er. The R-5000 covers 100 kHz 30 MHz in 30 
hands, with additional coverage from 108 174 
MHz available with installation of the optional 
VC-20 converter. It offers 100 memory channels, 
optional computer control, and much more. 

Though similar in appearance to the TS 4405, 
the R 5000 matches the superior performance 
of the TS 440 receiver section. Its exclusive 
DynaMix' 1 ' direct mixing system ensures an 
honest 102 dB dynamic range (14 MHz, 500 Hz 
bandwidth, 50 kHz spacing.) 

The R-5000 does trot replace the popular high- 
performance Ft 2000, which is still available, but 
instead gtves hams two high-performance 
receivers from which to choose. 

For information, contact Trio Kenwood Corn 
munications, P.O. Box 7065. Compton. Califor 
nia 90220. 

ACC expands 

Advanced Computer Controls, Inc., lias 
moved its offices and manufacturing plant to a 
new facility in Santa Clara, California. The new 
building adds space lor manufacturing, market¬ 
ing, and engineering. (Northridge Square in 
Cupertino remains an acceptable* mailing ad¬ 
dress.) ACC manufactures microcomputer 
based control systems for Amateur Radio, corn 
mercidl, and government radio users. 

For more information, contact Advanced 
Computer Controls, Inc., 2356 Walsh Avenue. 
Santa Clara, ^California 95051. 

Cirelo #309 on Reader Service Card. 

new antenna from Mirage 

The 1.2 44 LBX from Mirage utilizes the latest 
in ultra high gain, low sidelobe design. The para 
sitic elements are pseudo log tapered in length 
and spacing to produce wide usable bandwidth 
with low VSWR. 

Because of its light weight, low windload and 
rugged construction, it's appropriate lor use in 
higher gain multi antenna arrays. Used alone it 
still delivers outstanding performance with bet 
ter than 18.2 dBd gain across the specified hand 
width. This antenna requires no tuning; it's 
factory assembled and tested to insure that each 
unit meets or exceeds the advertised specifi¬ 
cations. 

For information, contact Mirage/KLM Com 
munications Equipment Inc,, P.O. Box 1000. 
Morgan Hill, California 95037. 

Circle #301 on Reader Service Card. 


two new communications 
microphones 

Shure Brothers Inc., Evanston, Illinois, has 
added two new, economical models to its line 
of communications microphones. 

The Shure 550L Base Station Microphone, 
suitable lor radio communications, paging, and 
dispatching system applications, shares many 
design features with Shure's well known Model 
450k. Its omnidirectional cartridge is specially 
tailored for voice intelligibility, and its balanced, 
low impedance design makes it useful for long 
cable runs and use under severe hum conditions. 

Constructed of strong, corrosion-proof 
ARMO-DUR™, it features Shure's long lile “Mil 
lion Cycle'' press-to talk bar switch. User Net 
Price is $66.25. 

The Shure Prologue 6L Handheld Communi 
cations Microphone the lowest-priced hand¬ 
held commit!licatigns microphone ever offered 
by Shure features a dynamic low impedance 
cartridge wit ft tailored response for high intel¬ 
ligibility, a sturdy push to talk switch, a durable 
coiled cable, an extra strength mounting bracket, 
a relay closure circuit, and compact, lightweight 
construction. The Shure Prologue 6L's list price 
is $41.75. 

For further information about the Shure 550L 
and Prologue 6L. contact Shure Brothers Inc.. 
Customer Services Department, 222 Hartrey 
Avenue. Evanston, Illinois 6020 3696. 

Circle #308 on Render Service Card. 

test monitor 

Corniest Systems has introduced the Model 
3000B Communications Service Monitor Said 
to be the only monitor in its size and price range 
that gives the kind ol testing capability usually 
available only in larger instruments costing thou 
sands more, this lightweight, versatile instrument 
provides three different displays waveform 
CRT, meter, and digital counter. 

Receive features include a tuneable range ol 
400 kHz to 1000 MHz. combininij fiiyfi sensrfrvr 
ty with good rntermod rejection and wide he 
quency range foi "off the air" monitoring. A 
high resolution audio frequency counter LCD 
display assures versatility and accuracy. The 
counter also permits the display of CTCSS fro 
quencies directly off the air. The large CRT pro 
vides instantaneous information about 
modulation waveforms and internally general 
ed markers can ho displayed at » 5 kHz or * 600 
Hz for "at a glance" irJenfilicaiion ol FM modu 
lation peaks. 

For further information, contact Corniest Sys 
terns, Inc., P.O Box 470, Beech Grove, Indiana 
46107 

Circle #307 on Render Service Card. 

programmable encoder 

Communications Specialists has announced 
the introduction of its new programmable eri 
coder. Model SS-32P The SS 32P allows the 
user to specify the available tones in the mom 


ory. Up to 32 tone frequencies are stored in an 
EPROM memory; these tones may he standard 
or non standard, and may be changed. The 
working lone is retrieved Irom the memory with 
a five position DIP switch mounted on Ihe cir¬ 
cuit board. 



The SS 32P is available in either CTCSS or 
hurst lone format: Model SS-32PA will operate 
on any tone from 67.0 to 250 0 Hz; Model 
SS-32PB will operate between 250.0 and 3000 
Hz. Both versions measure 0.9 x 1.3 x 0.4 inches 
and will operate on voltages as low as 6 VDC 
for handheld applications and up to 25 VDC for 
mobile or base station use. 

The SS-32P allows the use of non standard 
tones for extra flexibility on crowded channels 
and for added security on lone controlled repeal 
ers. It also simplifies multiple tone switching (up 
to six tones). 

Priced at $28.95, the SS 32P is covered by a 
one year warranty and is available for immedi¬ 
ate delivery from slock. For information and a 
free catalog, contact Communietions Specialists, 
Inc.. 426 West Taft Avenue. Orange, California 
92665 4296 

Circle #312 on Render Service Card. 

audio/video amplifier 

Art audio, video amplifier from Wl COMM 
Electronics, Inc., operates over the frequency 
range Itorri 300 Hz to over 10 MHz and features 
multistage design, with gain rated at 32 dB; noise 
figure, 3 dB; 3rd order intercept point, 33 dBM; 
power output. 0,10 watt into 200 ohms; input 



output VSWR 2:1; and reverse isolation. 55 dB. 
Standard connectors are BNC female, 26 VDC 
Reverse polarity protection is included. Possible 
applications include audio/stereo, SCA, AM ste 
reo. video, dtgiteil audio, and LF through HF 
communication links. 

Foi details, contact Wl COMM Electronics, 
Inc.. P.O Box 5174, Massena, New York 13662. 

Circle #311 on Render Service Card. 
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new Heath catalog 

Heath Company of Benton Harbor, Michigan, 
has announced the release of its upated fall cat 
alog With an expanded line af starter kits, com 
puters, weather instruments, and a variety of 
electronic products, the redesigned Heathkit 
catalog brings a new, refreshing look to its 
pages. 

Heathkit's expanded computer software/hard 
ware line includes the new HyperACCESS com 
munication software, designed to permit 
communication with other microcomputers and 
databases. Also included is ihe new Teach N 
Tutor Authoring software from Zenith Data Sys 
terns, which allows programmers to create 
tutorials for computer-aided instruction (CAI). 
New computer hardware includes Epson printers 
and a 2400 Baud modem from US Robotics. 

For a free copy of the catalog, contact Heath 
Company, Dept. 150-785. Benton Harbor, Michi 
gan 49085. In Canada, contact Heath Company 
1020 Islington Avenue, Dept. 3100, Toronto. 
Ontario M8Z 523. 

Circle 1310 on Reader Service Card. 

New Larsen Antennas 

The new YA5 series of Yagi directional anten¬ 
nas includes the YA5 900, designed to operate 
in the 900-960 MHz range. It features all weather 
constuction (i.e., coax termination inside tire 
Yagi away from wind and tain plus a black 
weather-resistant coating. Other features include 
user interface via N-male connections to the N 
female cable mounted connectoi supplied with 
the antenna kit. The mounting hardware 
(double-welded, heavy duty U bolts) will fit any 
pipe from 11/8 to 2 1/2 inches in diameter. 

Specifications include 10 dBd gain, 45 degree 
horizontal beamwidth, 55 degree (estimated! 
vertical beamwidth, and maximum power of 300 
watts. 

For more information, contact Larsen Elec 
ironies, P-O. Box 1799. Vancouver, Washing 
ton 98668. 

Circle 1313 on Reader Service Card. 

eight-pole crystal filters 

Several new eight-pole crystal filters are avail 
able from International Radio. 

The new Kenwood TS 440 8 pole crystal fil 
rer package consists of SSR 7 1 kHz or 1.8 kHz 
and 400 Hz or 250 Hz filters. An SSB 2.1 kHz 
matched crystal filter set is also available. The 
typical response of the matched set is 2.1 kHz 
at 6 dB and 2.8 kHz or less at 60 dB. 

New filters are also available for ICOM units. 


Stock No. IRI-455H400X is a CW, 400 Hz (eight 
polel that serves as an exact replacement for the 
FL-52A. It fits the IC-751IA), the IC745, the 
IC740, etc. 

Stock No. IRI-455H1.2X is an eight-pole SSB, 
2.4 kHz exact replacement for the FL-44A. It fits 
the IC730, IC740, IC745, and the R70 and R71. 

The typical shape (actor for the SSB filters is 
1.66 or less; for CW filters, the center frequen 
cy is 8,0 ot 9.0 MHz - 3.2 or less. The 455 kHz 
center frequency is 2.0 or less. All International 
Radio crystal filters are guaranteed to the origi 
nal purchaser for two years. 

Many other ICOM crystal filters available. For 
details, contact International Radio, Inc., 747 
South Macedo Blvd., Port St. Lucie, Florida 
33452 (enclose SASE). 

Circle #314 on Reader Service Card. 

Palomar "Tuner-Tuner”™ 

Palomar Engineers lias announced a new 
operating aid. the Tuner Tuner.' v It connects be 
tween your transceiver and antenna tuner, and 
allows you to tune your tuner precisely w/thoul 
transmitting. The built in 50 ohm noise bridge 
gives an audible null in the receiver when the tun 
er matches the coax line to 1:1 SWR. Your trans 



mitter never need operate into high SWR, and 
you need not cause interference on the band 
while tuning up. 

The Model PT 340 Tuner Tuner is priced at 
$99.95 plus $4 shipping. For more information, 
contact Palomar Engineers, Box 455, Escondido 
California 92025. 

Circle #315 on Reader Service Card. 

temperature-controlled 
soldering station 

Start Manufacturing has announced the re 
lease of a versatile soldering station that permits 
the interchanging of 30, 48, and 60-watt irons, 
thus providing the operator with three stations 
in one. The station also features a unique con 
trol that keeps the temperature to within 18 
degrees F of the setting. It also offers direct tern 
perature readout, easy and fast calibration, and 
a feature that permits the station to be set and 
locked at a specific temperature. Tfie station 
comes with a standard 48 watt pencil iron and 
adjusts over the full temperature range of 200 
through 900 degrees F without having to change 
the tip or heating element 



For information, contact Start Manufacturing, 
Inc., 15775 Nortft Hillcrest, Suite 508, Dallas, 
Texas 75248 

Circle #306 on Reader Service Card. 

two-band rotary dipole 

The CD 78 from Orion Hi-Tech is a 80 and 
75 meter rotary dipole Approximately 40 per 
cent shorter than a full sized dipole, its unique 
design results in a less than 2 dB reduction in 
radiation efficiency over a lull size antenna. 

The CD78 is equipped with a special high 
performance matching unit that is used to switch 
Ihe antenna between the two bands, 2; I VSWR 
bandwidth is approximately 50 kHz on both 80 
and 75. 

Built from high strength, heavy-duty alumi¬ 
num, it features a very strong element to-boom 
mount. All hardware is hot dipped galvanized 
after fabrication. The CD78 will handle full legal 
power and is rated at 40 m/s wind survival. 

For details, contact Orion Hi Tech. P 0. Box 
8771, Calabasas, California 91302. 

Circle #316 on Render Service Card. 

free QbL cards! 

Varl.r Ratleries. Inc one of the world's three 
largest battery manufacturers and a leading U S 
supplier of batteries lor sliorl wave radio, pho 
tography, data processing, and other high tech 
applications - is offering a package of 20 QSL 
cards to Amateur Radio Operators, free upon 
request. 

The postcards are printed in full color with an 
illustration of world map as a background for 
Varta's wide line of batteries for shortwave 
Amateurs. The address side of the card follows 
Ihe typical QSL card form. 

Readers who would like to obtain a package 
of cards should send their name and address to: 
Paul Silliman, Varta Batteries Inc., 300 Execu 
live Blvd. Elmsford, New York 10523 1202 

Circle #318 on Reader Service Card. 

R-2000 repeater controller 

Resultant Engineering has introduced the 
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ARRL A Central Division 


Convention \J HAMFEST 
Saturday, October 18 Sunday, October 19 

10 a.m. to 4 p.m. 9 a.m. to 2 p.m. 

Norris Sports Center - St. Charles, IL 

All Indoors • Commercial Exhibits • Flea Market • ARRL Booth 
FCC License Exams • Contests • Demonstrations • Hot Food 


Admission: Adv. S3 - Gate $4 Talk-In: 744.87/745.47 & 744.67/745.27 



Sponsored by the 

Fox River 
Radio League 


Tickets 

W. Heimann. KD9WE 
837 Lebanon Si. 
Aurora. II 60505 
312-859-1171 


Dealers 

G Isely. WD9GIG 
736 Fellows Si 
Si. Charles. IL 60174 
312 584-3510 
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products 

R 2000 repealer controller, which can control a 
complete repeater system including two remole 
bases and a control receiver. The (ully-pro- 
grammable, microprocessor-based controller in¬ 
cludes many features for today’s demanding 
repeater service. Features include autopatch with 
memory dialer, ALC and call progress detection, 
mailbox/bulletin board, and dual RS-232 ports 
tor interlacing to a computer or printer. 

For more information, contact Resultant En 
gineering, 175 East Homestead, Sunnyvale, Cal 
ilornia 94087. 

Circle F317 on Reader Service Cerd. 

FAX unit prints photos 

Universal Shortwave has introduced the 
microprocessor controlled DES M 800 FAX Con 
verier, which allows reception and printing ol 
pictures, photos, maps, and marine and National 
Weather Service information, as well as satel 
lite earth imagery and world meteorological 
charts transmitted by shortwave and satellites. 

The M 800 Facsimile Convener connects to 
the audio output of any quality communications 
receiver or satellite receiver (AM or FM). Audio 




is converted to graphics data and printed out on 
most Epson parallel dot-matrix computer printers 
(FX-85, LQ 800. or equivalent). Print size is 8 
inches by length as needed. Aspect ratio is 1:1. 

FAX photos are printed on plain paper in 16 
levels ol gray scale. Weather maps (NWS), 
charts, and other black-and white transmissions 
yield exceptional clarity 

For details, contact Universal Shortwave, 1280 
Aida Drive, Reynoldsburg, Ohio 43068. 

Circle F320 on Render Service Curd. 

D2M2 

Known as D2M2 1 " -/rotDMM because 
they oiler twice the range and resolution and 
twice the (unctions ot ordinary DMMs with 
2000 count capability, the new 4000 count 4-digit 
multimeters with 40 segment analog bar graph 
from North American SOAR are priced lo rival 
ordinary 2000 count DMMs. 

All D2M2 range crossover levels are at the 
4, 40. 400, and 4000 points to allow measure 
merits ol 3.999 or 39.99, etc. Accuracy is better 
than 0.3 percent for Models 4020, 4030, and 
4040, and better than 0.1 percent for Model 
4050. All models have been constructed to be 
shockproof and dustproof for operation in harsh 
environments. 
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All models are auto- and manual-ranging with 
Data Hold Function, Continuity Beeper, Diode 
Test, and more. Selectable models feature illu¬ 
minated LCD, Frequency Counter, Relative Set, 
Memory, Temperature and (Min/Max Indication. 

Optional adapters expand functions to include 
Capacitor Test, High AC/DC current. Transis¬ 
tor GAIN and Loss Test, and Temperature. Full 
overload potection includes two fuses plus tran¬ 
sient noise to 6000 volts. 1500-hour battery life 
is typical with two "AAA" alkaline cells and auto 
power down. All D2M2 units are supplied with 
batteries, safety leads, spare fuses and 3 year 
limited warranty, calibration accuracy guaran 
teed for 1 year. 

Prices for D2M2 Series meters in single-lot 
quantities are as follows: Model 4020, $99.99; 
Model 4030, $139.00; Model 4040, $159.00; and 
Model 4050, $179.00, with delivery from stock. 
For full specifications or additional information, 
contact North American Soar Corporation, 1126 
Cornell Avenue, Cherry Hill. New Jersey 08002. 

Circle 7319 on Reader Service Card. 

15-channel programmable 
scanner 

Automatic search, scan delay and a priority 
channel are features that are normally reserved 
for expensive, top -of-the-line scanners. But one 
modestly priced programmable scanner, the 
Regency R1075, is packed with all of these fea¬ 
tures. Fully programmable, the 15-channel scan¬ 
ner can receive more than 15,000 frequencies 
from six of the most popular public service 
bands. 



Designed for the beginning scanning en¬ 
thusiast. as well as the veteran seeking a relia¬ 
ble back-up unit, the scanner can be pro¬ 
grammed to search a frequency range for active 
new frequencies. With its priority channel and 
scan delay functions, the scanner keeps listeners 
from missing important transmissions. When ac 
tivated, the priority channel automatically over¬ 
rides all other calls so that broadcasts from a 
favorite channel are never missed. Scan delay 
puts a 2-second pause at the end of a transmis¬ 
sion so that calls and answers can be heard be¬ 
fore the scanner resumes its scanning cycle. 

Priced at $179.95, the scanner covers six full 
bands, including VHF Low l30-50MHzl, VHF- 
Amateur (144 148 MHzl, VHF High (148-174 
MHz!, UHF Amateur (440 450 MHz), UHF 
(450 470 MHzl, and UHF T (470 512 MHzl. 

For information, contact Regency Electronics 
Inc.. 7707 Records Street, Indianapolis, Indiana 
46226. 

Circle 1302 on Reader Service Card. 
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Much More in stock! 
Send $1 lor our 
New Fall Buyer's 
Guide-Catalog. 

More Helpers 

• Marine radios by Icom 

• Commercial land Mobile by 
Yacsu 

• Telephones by AT5T, Cobra, 
Southwestern Bell, & Panasonic 

• <8s by Oiiiden,'Midland. Cobra 

• Radar Oetectors by llniden. 
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Yaesu 

Kenwood 

Icom 

Scanners 

Umdcn/Bcarcai 

Regency 

More Radios 

Encomm/Santec 

KDK 

Icn-Tec 


NEW FT-767GX 

All-mode uanscciver tal system 

ri-7S76X 

HF xCVR'Gcn. Coverage Receiver, 

NEW n*7«7G 

Dual-bond handheld lor 9m/MOMH/ 

NEW SOFTWARE 

GX Turbo and Calpacx lor me n> 
7'j7GX and Cat pack f^.the FRG 9600 



TS-440S s5000 

TM-2570A $4000 

TS-430S $2590 

TR-2600A/.»mu $15P0 
TH-21AT/«uimim $1000 

orra octcnoio 
tKBU NOVEMBER IS, 1986 

^3 ICOM 

IG735 

Compact HE Transceiver 

10751A 

HF- XCVR/G«nerai Coverage 
Receiver 

VMF/UNF 

H«. 27A, 97H, 971 A. 971H 

228 MM*- 37A 

M0 HHi-4/IA 471M. 4/A 

IC-02AT, 04AT 

1 Small, u gm Mis for 9m or 
440 MH7 10 memories 
and scan Itincirons 

IOA2 in stock 

AucraM handheld 

I09AT, 3AT, 4AT, HAT 

Handhelds for 9m, 990 
MM/, 440 MH/. I 9 GH.* 

Ask for Package 
Quotes on 
Radios/Accessories 
& Antennas/Towers 


CALL LONG DISTANCE ON 2 METERS 


Only 10 walls drive will deliver 75 watts 
of RF power on 2M SSB, FM, or CW. It is 
biased Class AB for linear operation. The 
current drain is 8-9 amps at 
13.6 Vdc. It comes in a well 
constructed, rugged case 
with an oversized heat sink 
to keep it cool. It has a sen¬ 
sitive C.O.R. circuitry, 
reliable SO-239 RF connec¬ 
tors, and an amplifier 
IN/OUT switch. The max¬ 
imum power input is 15 
watts. 



Our products are backed by prompt fac¬ 
tory service and technical assistance". To 
become familiar with our other fine pro¬ 
ducts in the amateur radio 
market, call or write for our 
free product and small parts 
catalog. 

Model 875 
Kit $109.95 

Wired & Tested $129.95 


183 


CCI 


Communication 
Concepts Inc. 


2048 North Aragon Ave.» Dayton. Ohio 45420 *(513) 296-141! 
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RFI technical note 

Palomar Engineers has published a helpful 
note titled '"’Using Ferrite Beads to Keep rf Out 
ol TV Sites, VCR'S, Burglar Alarms and Other 
Electronic Equipment." The note explains what 
kinds of beads and toroids to use and where to 
put them to suppress most common rf interfer¬ 
ence problems. 

For a free copy, contact Palomar Engineers, 
Box 455, Escondido, California 92025. 

Circle /303 on Reader Service Card. 

V 

oscilloscope frequency 
extenders 

Radio Engineers has recently introduced sever 
al new products including two models of (re 
quoncy extenders for the home builder with an 
oscilloscope that can ""see" only up to 5 MHz. 
Designated the Type HFX 1 and HFX 2 Oscillo 
scone Frequency Extenders, these units allow 
5 MHz or 10 MHz bandwidth oscilloscopes to 
see rf signals as high as 55 MHz. Type FIFX 1 
contains an rf signal source and a broadband 
mixing circuit that converts the high frequency 
signal to an intermediate frequency within the 
oscilloscope's range. Type HFX-2 is designed to 
be used with an external signal generator but still 
gives the same frequency coverage. Both units 
have 50-ohm input impedances and utilize BNC 
connectors to interface to the circuit under test 
and the oscilloscope. Also available is Type 
DBX 30, a fixed 30-dB attenuator that allows the 
extenders to sample higher power levels. A high 
impedance transformer to be used al the input 
of the oscilloscope extenders is planned for re 
lease in the near future. 

Data sheets are available on these and other 
products For copies, contact Radio Engineers, 
3941 Mount Brundage Avenue, San Diego, 
California 92111. 

Circle #304 on Reader Service Card. 

turnable preamplifier 
antenna 

Ameco's Model TPA is 3 dual function unit 
that can be used as a preamplifier to improve 
the gain of a receiver or as an indoor active an 
tenna when an outdoor antenna isn't available. 
It contains a tuned rf amplifier that covers all fre¬ 
quencies from 0.22 to 30 MHz. including Ama 
teur bands, all foreign broadcast bands, citizen's 
band and all other services within this range. A 
dual gate FET provides an excellent noise fig 
ure and over 20 dB gain. The weak signal per 
formance of most receivers is improved. 

Priced at S74.95, Model TPA uses cither an 
internal 9 volt battery or art ac adapter such as 
Ameco's Model P 9T. As a preamplifier, the in 
put matches most antennas. Long wire. 
30(1 ohm and random length antennas can also 
be used with good results. 



For information, contact Ameco Equipment 
Company, a Division of Ameco Publishing Cor¬ 
poration, 220 East Jericho Turnpike, Mineola, 
New York 11501. 

Circle #322 on Reader Service Card. 

1.0 Formula Disk 

RF Kit Company has announced a new soft 
ware disk for the Commodore C 64. This new 
release includes many formulas such as Ohm's 
law, inductive and capacitive reactance, roso 
nant frequency, dipole antennas, temperature 
conversions from C to F and F to C, Great Cir 
cle bearings and distances to anywhere, Tower 
Stress calculations. Noon Meridian passage lor 



True North antenna adjustments, how to wind 
coils lor a specific inductance, how to make a 
meter shunt anrl how to program your own fa 
vorite formulas on the disk. The RF Kit 1.0 disk 
sells for $14.95 plus $1 00 postage and packing. 

For information, contact RF Kit Company, 
P.0 Box 27127. Seattle. Washington 98125. 

Circle 1321 on Render Service Card. 

Communications Satellites 

Now in its expanded second edition, Commit 
meat tons Satellites covers spy and surveillance 
satellites, U S. and Russian manned space mis 
sions, military, tactical and scientific satellites, 
oceanographic and weather or biters, deep space 
probes, navigational and communications satel 
lites, and private and direct broadcast satellites. 
This directory of space communications includes 
chapters on channelization band plans, trail 
sponder identification, international satellites, 
and an informative history of earth satellite de¬ 
velopment. 

Priced at $14.95 (plus $3.50 for shipping and 
handling). the book may be ordered from Ham 
Radio's Booksiore, Greenville, New Hampshire 
03048. 


AUTHORIZED KENWOOD 
I-C0M RADIO DEALER 



H l HEASTER. INC , 203 OiicWiannon Pike. Clarksburg, W 
Va 26301 Clarksburu Ptione (304) 624-5485 or W Va Toll- 
Free 1-800-352-3177 

HAR0L0 HEASTER. <A80HX, 91 Ridgafielfl Place, Ormond 
Dcach. FI 32074 Florida Ptione (904) 673-4066 
NEW NATION WIDE 10LL-FREE TELEPHONE 1-80Q-84-RAD10 
1-800-84-72346 

Call us lor a quolalim. WE WILL SAVE YOU MONEY' 


Increase your Code Speed the FUN Way 
with 

Station Manager/CodeTutor 

Randomly generates words eliminat¬ 
ing the problem ol tape memorization. 
Select you own speed and tone 
5-50 wpm 400-1300 Hz 
Designed for the IBM' PC'.XT',PC 
jr". Menu driven, prompts for easy 
use; full color displays: 

$15.95 + $3.00 shipping 

Ohio residents include salus tax 

OMEGA CONCEPTS, INC. 

Professional software lor fee Radio Amateur'" 

P.O.Box 615 H /5V T.L. Jones (KBB0A) 
Troy. OH 45373 Author 

£ u- 187 

IBM a registered jtadom.uk ol International Business 
Machine Carp 


Full Feature ^ 

Remotely Programmable 

Repeater Controller 
for under $600 


,s Field tested for over 2 years 
is Full 2 year warranty 


Free Full ('olor Brochure 
Call Toll-Free 

1-800-621-8387 

ext. 22-1, * .mi ^ pm Mnimiant him- 

> u , Ifl-GQUI 


ISi 


i' 188 
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flea' '|—r 
market 


HATES Noncommercial ads '0® per word; 
commercial ads 60<t per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non commercial rate. 

COPY No special layout or arrangements 
available Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H 03048. 


PACKET PROGRAM FOR YOUR PC. A telecommunications 
program especially written to interface your packet controller 
with your PC or compatible. Features Split Screens, ASCII, Bi 
nary. X Modem file transfers. DOS shell. Macro Keys. 5 types 
time dale riper. ID Lots of goodies. Software support. Write 
for complete information. VISAMC. Kalt and Associates, 2440 
E. Tudor Rd, Suite #138, Anchorage, AK 99507 (907) 248 0133- 

BACK ISSUES HR Oct 71 thru Dec 81. 72 11 in Binders. $60 
US. VE3BJV, 0 Brenko, 2 Vista Drive, Fonthill, Out. LOS 1EO. 

WANTED: National NCX 500 transceiver and matching AC 500 
power supply or National NCX 1000 transceiver. 512 647 0748, 
K3WB, 5302 Charter Oak. San Antonio. TX 78229. 

4-1000A PULLS <§>70 00 Raytheon 4032 @35.00 ea. 4CX50B 
@20.00. Collins plate transformer for KWS1 75.00, heavy duty 
TV power tfansfoimers new boxed 20.00 ea, HT. 37. @100.00. 
Eldico 10GF exciter 150.00. Whitu porcelain beehive insulators 
@1.00 Hard to find receiving tubes, low prices. Inquire. M. 
Levy, W50JT. 101 East Drifiwood #44, FBG, TX 78624. Tel 
(512 997 2534. 

SPEECH SYNTHESIZER KIT FOR C-64 uses allophones to 
obtain virtually unlimited vocabulary. P.C. board, all parts, in 
struct ions $30 00 plus $2.00 UPS. Dave Roscoe. W1DWZ, 49 
Cedar Street, East Bridgewater. MA 02333 

ORIGINAL ISSUES OF HAM RADIO March 1986 (first issue) 
through June 1974, Complete. Good condition. Would prefer 
to sell as a complete set but will sell individual issues if offer 
is right. Make offer. KX9P. 2675 Clark Avenue, Marion, Iowa 
52302. 

SSSSSSUPER SAVINGS on electronic parts, components, sop 
plies and computer accessories. Free 40 page catalog for SASE 
Get on our mailing list. BCD ELECTRO, PO Box 830119, Richard 
son, TX 75083 or call (214) 690 1102 

HOMEBREW PROJECTS. List SASE. WB2EUF, PO Box 708, 
East Hampton. NY 11937 

DYNAMIC COLOR NEWS: Monthly newsletter provides 
programming instruction for Radio Shack Color Computers. In 
eludes HAM RADIO section. FREE sample. Dynamic Electron 
ics, Box 896, Hartselle, AL 35640. (205) 773 2758 

SLEP MAIL ORDER SPECIALS HP/Boonton 202H AM/FM 
signal generator, 54 MHz thru 216 MHz $275.00. Military small 
portable URM 25D signal generator 10 kHz thru 50 MHz $245.00. 
Military TS 403/U microwave signal generator 1 8 GHz thru 4 2 
GHz $285.00. Military OS 8C/U small poitable 3" oscilloscope, 
ideal lor bench work or modulation/RTTY testing $59 50. 
HP606A signal generator 50 kHz thru 65 MHz $375 00 HP608E 
signal generator 10 MHz thru 480 MHz $445.00. HP614 micro 
wave signal generator 900 MHz thru 2100 MHz $345.00 All lab 
calibrated. Satisfaction guaranteed Have quantity. VISA, M/C 
ot check. Add shipping. Phone Bill Slep (704) 524 7519. Slep 
Electronics, Highway 441. Otto. NC 28763 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy. SASE for information C & D Electronics, PO Box 
1402, Dept HR. Hope. AR 71801 


YAESU OWNERS: Hundreds ol modifications and improve 
ments for your rig. Select the hosl from fourteen years of gen 
uine top rated Fox Tango Newsletters by using our new 32 page 
Cumulative Index Only $5 postpaid (cash or check) with $4 Re 
butt; Certificate creditable toward Newsletter purchases. Includes 
famous Fox Tango Filter and Accessories Lists Milt Lowens. 
N4ML {Editor> Box 15944 W. Palm Beach, FL 33416 Telephone 
(305) 683 9587 

R-390A Receiver: $195 checked; $115 reparable Parts, tubes, 
sections Info SASE. CPRC 26 six motor transceiver (see HR. 
March 1985) $17.50 apiece. $32 50 parr (add $4.50 unit ship 
pingl. Baytronics. Box 591, Sandusky. OH 44870 419 627 0460 
evenings 

MARCO: Medical Amateur Radio Council, Lid operates daily 
and Sunday nets. Medically oriented Amateurs (physicians, den 
tists. veterinarians, nurses, physiotherapists, lab technicians, 
etc.) invited to join Presently over 550 memlxtrs. For ittfomui 
non write MARCO, Box 73's, Acme. PA 15610, 

IBM-PC RTTY/CW. New CompRtty II is the complete 
RTTY CW program for IBM PC’s ami compatibles Now with 
larger buffers, better suppoit fur packet units, pictures, much 
more. Virtually any speed ASCII. BAUDOT, CW. Text entry via 
built in screen editor! Adjustable split screen display. Install! 
mode/speed change. Hardcopy, diskeopy. break in buffer, se 
led calling, text file transfer, customizable full screen logging. 
24 programmable 1000 character messages. Ideal for MARS anil 
traffic handling. Requites 256k PC or At compatible, serial port, 
RS 232C TU $65. Sunil call letters (including MARS) with or¬ 
der. David A Rice. KC2H0, 25 Village View Bluff, Ballston Lake, 
NY 12019. 

ELECTRONIC ENCLOSURES: A|tractive, reasonably priced 
Aluminum top and sides. Walnut stained solid wood ends Va 
riety ol sizes and custom sizes available Sample $5 00 Infor 
motion free. Energy Engineering. Custom Division, Rt. 4. Box 
330, Fayetteville, AR 72701. 

NATIONAL RADIO EQUIPMENT manual list or NCL 2000 parts 
kits. SASE Maximilian Fuchs. II Plymouth Lane, Swampscott. 
MA 01907 

ATTENTION AMATEURS Send for Free discount catalog. Am 
dtcur Communications, 2317 Vance Jackson, San Antonio, TX 
78213 (513) 734 7793 

8877 VHF AMP KITS: HV power supplies. CX600N relays. Mu 
tek l TD front end hoards for IC251 IC271. EME newsletter and 
QRO parts. SASE for new catalog. KB7Q. "Q" Products. 417 
Statulahor Street. Bozeman. MT 59715 

RTTY JOURNAL— Now in our 34th year Join the circle of 
RTTY friends from all over the world. Year's subscription to 
RTTY JOURNAL, $10.00. foreign $15.(X3. Send to: RTTY JOUR 
NAL. 9085 La Casita Ave . Fountain Valley, CA 92708. 

IMRA International Mission Radio Association helps mission 
aries Equipment loaned. Weekday net, 14.280 MHz, 2 3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road. Larchmont. New York 10538 

RUBBER STAMPS: 3 lines $4.50 PPD Send check or MO to 
G.L. Pierce, 5521 Birkdale Way. San Diego, CA 92117. SASE 
brings information. 

DISCOUNT CATV CONVERTERS/DECODERS and Video ac 
cessories. Send for free information and prices it could save 
you BIG MONEY on your next purchase of these and other 
CATV items Easy View, (HR) PO Box 221K. Arlington Heights, 
Illinois 60006. (312 ) 952 8504 Ask for Rudy Valentine. 

ELECTRON TUBES: Receiving, transmitting, microwave all 
types available Large stock. Next day delivery, most cases. Daily 
Electronics. PO Box 5029, Compton. CA 90224. (213) 774 1255 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hem Specialties. Inc.. Oepi 301, 4202 N. Drake, 
Chicago. IL 60618 

RECONDITIONEO TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel. San Pablo. CA 94806. 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US Jerrold. Hamlin. Zenith Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Master 
card. VISA, COD accepted.Free Catalog call (800) 345-8927 
only Pacific Cable Co., Inc.. 7325-1/2 Reseda Blvd,#1019, Rese 
da. CA 91335. (818 ) 716-5914 

WANTED: Heath ET 100. Call 913 898 4695. Mike W0XM. 
DIRECT AND LONG PATH Headings (degrees). Great Circle Dis 
tances (kilometers and statute miles) From your exact QTH to 
over 400 worldwide locations including 60 within Continental 
USA Nine pages. Send $4.50 to W4HET. Engineering Systems, 
Inc., PO Box 939. Vienna. VA 22180, 

MORSE CODE Practice program lor IBM-PC and Compatibles. 
Send $19 95 check to SP Microcomputing Co., 1008 Swallow 
Drive, Cherry Hill, NJ 08003 Developed by KD2SM. 

FOR SALE: Collins Equipment: KWM 2 and 30L1 1 KW Com 

plete with power supply 110V and 220V SM 2 Fix sta. Dy 
namic Mie. (voice control carrier) Collins Speaker equip for 
phone patch. Quad Ant. 80 40 20 10 meters Carrying Cases. 
Samsonite for KWM 2 and30L 1 Amp. Complete with instruc¬ 
tion by Collins. Complete with instructions by US Gvt. (FRC 93. 
TM 11 5820 554). Mobile Mount. MP 1 (new not used). Mobile 
pwr sup: 35-D2 (new not used). Mobile Dynamic Mic. MM 1 


(new not used). The equipment above in excellent condition. 
Will sell complete lor $1,000.00. Contact William J. Maida, 274 
W. Sabal Palm PI. Longwood. FL 32779 or phone 305 869 6138. 

CHASSIS and cabinet kits SASF K3IWK. 5120 Harmmiy Grove 
Rnad. Dovei. PA 17315 

COMING EVENTS 

Activities — “Places to go . . .” 

CONNECTICUT: November 9. SCARA annual indoor Flea 
Market. North Haven Park and Recreation Center. North Ha 
veil Sellers 7 AM Buyers 9 AM to 3 PM Tables $10.00 ad 
vance, $15 (X) at the door. Buyers $2 00 For information or table 
reservations SASE with phone number to SCARA Flf>a Market, 
PO Box 81, North Haven, CT 064/3. Reservations must be 
received by November 3. 1986. No reservations taken by phone. 
For information ONLY contact Brad (203) 265 6478 / PM to 
10 PM. 

MASSACHUSETTS: November 8. New England annual DXCC 
Banquet. Masonic Lodge Building, Monument Square, in historic 
Concord Center. Afternoon session 2 PM to 5:30 PM. Banquet 
6:30 PM For further information: Charles Lukas, Jr., W1DOH. 
RFD I. 24 Durkee Road, Acion. MA 01720, (617) 263 3743. 

MICHIGAN. November 30, The Oak Park High School Electron 
ics Club presents the 17th annual Swap N Shop, Thanksgiving 
Sunday. Oak Park High School, Oak Paik. Ml Donation $2.00. 
8' tables $8.00 

MICHIGAN: November 2. The Oak Park ARC will hold its laigest 
ever 1986 SWAP N SHOP. New location: City of Southfield Civ 
ic Pavilion, Evergreen Road between 10 and 11 Mile Roads, 
northwest Detrml suburb of Southfield. Ham Radio and Com 
puter activities from 9 AM lo 5 PM in the new fully caipeled 
30,000 sq. ft pavilion. The Detroit Area Repeater Team (DART) 
will provide food and refreshments Admission $4, under 12 free. 
VE3's at par Tables $10 00. Advanced reservations required. 
Talk in on DART 146 04 64 and 146.52 simplex. For further in 
formation SASE to OPARC Swap N Shop, 303 South Vermont 
Avenue, Royal Oak, Ml 48067. Swap N Shop Hotline (313) 
399 3991 

CALIFORNIA :FCC exams. Novice Extra. Sunnyvale VEC ARC. 
(408) 255 9000 24 hour. 73. Gordon. W6NLG, VEC 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the MIT Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday, November 19, 7 PM, MIT Room 
T 134, 77 Mass Avenue, Cambridge MA. Reservations request 
ed 2 days in advance. Contact Ron Hoffmann (617) 
253 0160/646 1641 or Cra ( ge Rodgers (617) 494 1986. Exam fee 
$4.25. Bring copy of current license (if any), two forms of pic 
ture ID and completed form 610 available from FCC in Boston 
(223 6609) 

TEXAS: November 7 9. AMSAT will hold its 4th annual Space 
Symposium and Annual Meeting, Dallas/Fort Worth Airport Hil 
ton Hotel. Speakers include experts from around the world ad 
dressing the latest in OSCAR. Featured speaker Dr. Martin 
Davidoff, K2UBC. Additional details and registration informs 
tion available from AMSAT HQ. (301) 589 6062. 

MASSACHUSETTS: November 22. The Honeywell 1200 Ra 
dio Club, sponsor of 147.72/12 repeater and the Waltham Am 
ateur Radio Association, sponsor of 146.04 64 repeater. will hold 
their annual Amateur Radio and Electronics auction, Honeywell 
Plant, 300 Concord Road, Billerica. Doors open 10 AM. Free 
admission and parking. Snack bar and bargain parts 
store. Talk in on both repeaters For more information: Doug 
Purdy, N1BUB. 3 Visco Road, Burlington, MA 01803 

OHIO: November 16. The Massillon ARC will sponsor “Auc 
tionfest 86”, Massillon K of C Hall off Route 21 8 AM to 5 PM. 
Sellers setup 7 AM. Admission $3.50 advance; $4.00 at the door. 
8’ tables $7.00. Free parking Refreshments available. Auction 
starts 11 AM. Talk in onW8NP. 147.78/ 18. For advance regis 
tration and information MARC, PO Box 73, Massillon, Ohio 
44646. Please SASE. 

INDIANA: November 9 The alien County Amateur radio Tech 
nical Society will prsent the 14th annual Fort Wayne Hamfest. 
Allen County Memorial Coliseum, Coliseum Blvd, US 30 Doors 
open 8 AM to 4 PM. General admission $3.50 advance; $4.00 
at the door. Children 11 and under free. Tables $10 00 each. 
AC power extra. Premium tables $25.00 each. Non ham activi¬ 
ties. Banquet Saturday night. Nearby hotels and motels VE ex 
ams Saturday, November 8 by advance registration only. kTalk 
in on 146.28/ 88. Forinformation or reservations: AC ARTS 
Hamfest, PO Box 10342, Fort Wayne, IN 46851. For informa 
tion ONLY Bernie Holm, K9JDF, Hamfest Chairman, (219) 
485 0164, 6 10 PM EST. 

WISCONSIN: November 15 The Milwaukee Repeater Club is 
sponsoring the 2nd annual 6.91 FRIENDLY FEST. Eagle's Club, 
24th and Wisconsin Avenue 8 AM TO 1 PM Sellers 7 AM. Tick 
ets $3.00. 4' tables $4.00. Save $1.00 by sending SASE with 
payment to Milwaukee Repeater Club. PO Box 2123, Milwau¬ 
kee, Wl 53201 before 11/8/86. Talk in on 146.91 and 146.52. 

MINNESOTA: December 6. Annual Handi Ham Winter Ham 
lest. The Eagles Club, Faribault. Registration 9 AM. Handi-Ham 
equipment auction. Dinner at noon followed by a program. For 
more information contact Don Franz, WOFIT, 1114 Frank Ave 
nue, Albert Lea, MN 56007. 
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OPERATING EVENTS 

“Things to do . . 

November 9-11: A.F.A.R., the Armored Forces Amateur Ra 
dio Net will operate a special event station, 1700 UTC 11/9 to 
2400 UTC 11/11. All bands. #10 SASE to WBTDWR, 16 Ber 
keley Circle, Newington, CT 06111. 

December 6: The University of Idaho ARC, W7UQ, will hold 
its 2nd annual Alumni Reunion on the Air, 2000Z, December 
6 to 0400Z December 7. All Amateurs, especially U of I alumni, 
are invited to participate. Listen for "CQ Reunion". QSL availa 
ble by sending SASE via callbook address. For more informa¬ 
tion contact W7UQ 

November 9. In observance of Veteran's week, members of 
the Hamfesters Radio Club, Chicago, will operate from the Hines 
VA Hospital's Robert K. "Pappy" Wade, K9CDH Memorial Ham 
Shack using Hine's club call K9WFN 15002 to 0300Z. 40, 20, 
2 meters FM and USB. Send QSL, QSO number and 9x12 SASE 
with 39 cents postage to Hamfesters Radio Club, Inc., Chica¬ 
go, c/o Robert K. "Pappy" Wade Memorial Ham Shack. Bid 
8, Hines Veterans Administration Hospital, Hines, Illinois 60141. 

November 15. The Laurel, MD ARC will operate K3LDE from 
1300Z to 2300Z for the runing of the Washington 
International Horse Race. Send QSL. contact number and #10 
SASE for certificate to; LARC. 112012th Street, Laurel. MD 
20707. 

W.E.C.A. (Westchester Emergency Communications Associa¬ 
tion) initiates Equipment/"Elmer" Banks to help new hams get 
on the air More information write the club at PO Box 131, North 
Tarrytown. NY 10591. 


AMATEUR RADIO RESOURCES 
DIRECTORY 1986-87 

Have a question that no one can answer????'! 1 Fred will 
The "white" pages list the folks who can answer any 
Amateur Radio related problems or question you might 
have: ARRL Directors, Vice Directors, Assistants, Advisory 
Committee members. Field volunteers, VEC Volunteer ex¬ 
aminers, all organized geographically by ARRL Division 
The "Blue" pages contain a QST 10 year cumulative index, 
QEX and Gateway bibliographies, TIS into and morel Every 
ham should have a copy ol this book in their shack 
1986 

AR FRO Softbound $9 95 

QRP HANDBOOK 

by Doug DeMawWIFB 

The thrill ot working a rare one using a QRP radio is hard to ex 
plain. It can even be more thrilling it the radio is unsophisticat¬ 
ed and homebrewed The QRP Handbook stays away from 
heavy technical discussions and formulas and gives you in a 
plain, easy-to-read format all the essentials you need to build 
your own QRP gear. Six chapters cover: The essentials ot 
receiving, the world ol QRP transmitters. QRP accessory gear, 
QRP transceiving, the QRP workshop and QRP operating. An 
appendix gives suggested books, magazine articles and parts 
suppliers, is 1986 86 pages 1st Edition 
lAR-QBP Soltbound $5.00 

THE RADIO AMATEUR’S MICROWAVE 
COMMUNICATIONS HANDBOOK 
by Dave Ingram K4TWJ 

Explore Amateur Radio's last frontier. This book is the first to 
give this ever expanding area ot Amateur communications 
unique treatment. Covers: communications equipment tor 1.2. 
2.3.10 and 24 GHz. networking and data packeting concepts 
with special attention to 24 GHz systems, design parameters, 
rt and environmental considerations, system design tor future 
growth and modification, projects and much more. TVRO and 
MDS also covered > 1985 184 pages 1 st edition. 

IT-1594 Soltbound $12.95 

GIL-A COLLECTION OF 
CLASSIC QST CARTOONS 

drawn by Phil “Gil” Guildersleeve, W1CJD 

From the late 20's through 1966, ' Gil ' contributed over 
1500 drawings and covers to QST Hams around the world 
recognize Jeeves, the handy man who could handle |ust 
about any project and can identity members of their clubs 
in Gil's Field Day covers. Fun reading for newcomers— 
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BEELECnONS 


13 exciting years: looking back 

It's been exactly 13years since Skip Tenney suggested that Amateurs might welcome a short-lead time ''newsletter” to cover current 
news pertinent to Amateur Radio. Skip, Jim Fisk, and I then set to work, and just over a month later thefirst issue of "HR Report,” dated 
January 2, 1974, was handed out at the SAROC Convention in Las Vegas. 

Needless to say, Skip was right. Thirteen years later, HR flepor? is still going strong as Westlink Report, under the direction of Bill Pasternak 
and Burt Hicks. And today, despite a couple of HR Report's early would-be competitors having dropped by the wayside, the Amateur 
fraternity supports two additional broad-coverage newsletters plus a host of others devoted to one special interest or another. 

Reviewing the past 13 years through the pages of HR Report, Westlink Report, and Presstop [ham radio's newspage, originally dis¬ 
tilled from HR Report but independently written and produced since 1982), one is tempted to say that these have to have indeed been 
the most exciting 13 years in the history of Amateur Radio. Just consider these Amateur Radio happenings reported in HR Report during 
its first two years: 

The first thing you'll notice is that while some things change a lot, others change very little or not at all. In the very first Ham Radio 
Report, we reported that CB was threatening 220 MHz and the Emergency Medical Service was after part of 70 cm, FCC license process¬ 
ing was taking 8 to 10 weeks, and a planned SY5MA Mt. Athos operation had been scrubbed. Later that first year Ham Radio Report 
also reported on the initial efforts that led to our getting new bands at the 1979 World Administrative Radio Conference, licensing of the 
first ATV repeater, FCC elimination of log-keeping requirements, the launch of OSCAR 7 in November, and in December, the FCC's pro¬ 
posed "top-to-bottom" restructuring of the Amateur Service (Docket 20282). 

1975 saw Amateur and CB license fees reduced, "environmental impact" and OSHA became Amateur concerns, and the FCC ban 
on27-MHz (but not "all-band”) linears (and the quick introduction of 4-watt drive all-band "Amateur” linears by various CB suppliers). 
Dick Baldwin, W1RU, replaced John Huntoon, W1RW, as ARRL General Manager, and the FCC proposed an Automatic Transmitter 
Identification System forall 25-960 MHz transmitters (except Amateur), The WARC-79/WG/AM (Working Group/Amateur Radio) had 
its first meeting in May, the FCC reported CB license applications arriving at 15,000 per working day, off-shore navigation systems en¬ 
croached on 70 cm, the FCC OK'ed special events callsigns, attendance at Dayton exceeded 10,000, QST and ham radio (and later 73) 
announced a change to 81/2 x 11-inch formats effective January, 1976, and Texas proposed restricting all rf radiation. John Johnston 
(then K3BNS, now W3BE) became Chief of the FCC's Amateurand Citizens Division andannounced that his would be a "deregulatory" 
policy (which began by greatly reducing repeater license paperwork), new specific mm-wave Amateur bands through 250 GHz were es¬ 
tablished, and Amateurs got a nice Christmas present from the FCC when it dropped the minimum operating time and code proficiency 
requirements for license renewal. 

Each succeeding year recordsan equally diverse list of happenings. Here's just a sampling of some of Amateur Radio's exciting events 
that occurred during that time: 

In space, AMSAT's relatively primitive (but effective) OSCARs 6,7, and then 8 were joined by the comparable Russian RS birds, and 
later on, by the very sophisticated OSCAR 10 (whose elliptical orbit finally made worldwide Amateur satellite communication possible) 
and Japan's "FujiAmateurs themselves finally got on the air from space when W5LFL and WOO RE operated from the Space Shuttle. 

The U.S. Amateur Service itself grew at a fantastic rate, at least during the CB boom years. At the end of 1974 there were only 253,357 
licensed Amateur operators in the United States. Today there are more than 421,000! Much of that growth paralleled the CB boom, which 
at its peak had users variously estimated at from 15 to 30 million. From 1975 through 1982, an average of over 20,000 new Amateurs were 
licensed each year, but that died quickly to the present thousand or so a year after CB lost its appeal. The FCC's "restructuring" proposal, 
which included a no-code "Communicator" class license, also died when the League found strong opposition among its membership. 

At Geneva we did get the three new hf bands our volunteer group had worked so hard for, despite the warnings of "gloom-and-doom" 
advocates who claimed we'd be lucky to come out of WARC '79 with any Amateur bands at all. All the Amateur monthlies increased 
not only size but price — when HRR began, all had cover prices under a dollar; today, all cost between $2.50 and $3.00 a copy. A court 
ruled that Amateurand CB license fees were illegal, then made the FCC give back all the fees it had collected. Ever-tightening federal 
budgets forced the Commission into serious cost-cutting, and one of the more positive results is the very successful Volunteer Examina¬ 
tion program that’s made access to taking Amateur exams easier than it's ever been before. 

The very face of Amateur Radio has changed drastically in the past 13 years. In 1974 vhf/uhf fm, though popular, supported fewer 
than a thousand FCC-licensed Amateur repeaters; ARRL's latest repeater directory lists well over 10,000! The separate "WR" repeater 
license, along with secondary station licenses and new club and RACES licenses, all fell victim to FCC "deregulation." Computer tech¬ 
nology became an integral part of Amateur Radio and is, indeed, an integral part of many Amateur radios. New computer-based hard 
copy/data communications modes such as AMTOR and Packet, unheard of just a few years ago, have far eclipsed their predecessor, 
RTTY, in their number of enthusiastic users. 

On the Amateur bands, DXers, vhf/uhf "weak signal" buffs, traffic handlers, and rag chewers alike have enjoyed the benefits and 
suffered through the depths of a little over one complete sunspot cycle. For hf DXers, there's been thefirst legitimate activity from BY 
and Yl for many decades, along with a fair number of brand-new "new ones" to keep Honor Roll members and aspirants close to their 
shacks. We've reported on earthquakes, hurricanes, floods, tornadoes, blizzards, forest fires, and even a volcanic eruption during the 
past 13 years, and of the contributions of the countless thousands of Amateurs who've responded with skills and equipment to help al¬ 
leviate the resulting human suffering. 

It has indeed been an exciting 13 years for Amateur Radio — though one must wonder if it's really been all that much more so than 
any similar period of time in the 1920s, 1930s, or post-war years. After all, exciting things have always happened in Amateur Radio, and 
will, we trust, continue to happen. It's been fun being part of it, as both a participant and a reporter. 

Thus it is, with a real feeling of regret, I'm retiring as editor of Presstop. After 13 years on the reporter's beat for ham radio, a new op¬ 
portunity outside of Amateur Radio has forced me to relinquish that aspect of my Amateur Radio involvement. That doesn't mean I'm 
giving up either Ham Radio or ham radio — you'll still find me on the air enjoying the former and, when time and my New Hampshire col¬ 
leagues permit, on the pages of the latter. 

73, 

Joe Schroeder, W9JUV 
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CHALLENGING IDEAS FOR AMATEUR RADIO’S FUTURE, particularly with respect to the concept of 
"personal communications,” are contained in the recently released FCC Office of Plans and Policy 
Working Paper No. 20. With respect to the Amateur Service, author James McNally, WB3APV, notes 
that Amateur Radio is in a slow growth phase that could continue for many years under present limi¬ 
tations, then suggests such revolutionary ideas as relaxing the limits on "permissible communica¬ 
tions,” permitting an Amateur’s immediate family limited use of his or her station on portions of the 
VHF/UHF bands, and/or creating a combined Amateur/personal radio service on parts of the 33- or 
23-cm bands. Also discussed at length is the GMRS service, which he also urges be greatly expanded 
and made more flexible. 

This Fascinating And Very Thought-Provoking Study should be required reading for anyone who is 
concerned with the future direction of the Amateur Radio Service. 

NOVICE “ENHANCEMENT” PROBABLY WON’T APPEAR IN ANYONE'S XMAS STOCKING this year, 
despite optimistic predictions from several sources. Though the proposal to give many new privileges 
to Novices (and Techs) is enjoying broad Amateur support, the usual timetable for seeing a significant 
proposal through FCC procedures makes such a short turnaround seem unlikely. A more realistic esti¬ 
mate would put Commission action into early 1987. 

FCC HAS PROPOSED 40-METER NOVICE BAND EXPANSION TO INCLUDE 7050-7075 kHz in Alaska 
and U.S. Carribbean and Pacific islands, due to interference in the 7100-7150 kHz Novice band. Com¬ 
ments on the NPRM, PR Docket 86-397, are due December 22; Reply Comments by January 21. 

Automatic Control Of VHF/UHF Packet Stations using ARRL AX.25 protocol has been approved by 
the FCC, effective November 24; automatic HF digital operation wasn’t decided. 

The Effective Date For VECs To Be Responsible For Maintaining the Amateur examination question 
pool was still pending at presstime. It should, however, be before year’s end. 

The Comment Due Date For FCC’s Automatic Transmitter Identification System proposal (see October 
Presstop) has been extended to January 19, 1987; Reply Comments to February 16. 

ALLEGATIONS OF FRAUD IN AMATEUR EXAM ADMINISTRATION ARE CASTING A PALL over the 
VEC program. Serious questions have been raised about certain VE teams in Texas. Puerto Rico, North 
Carolina, and southern California, and all are believed under FCC investigation. In at least one case 
there’s also reported to be a “repeater war” between some of those involved that may be related to the 
accusations, but there also appears to be grounds for belief that at least some limited "selling” of 
Amateur licenses has taken place. 

W5YI Reports Two Newly Licensed Amateurs Examined by one of his VE teams were called in for 
reexamination by a DeVry VE team at FCC request, and that he’s removed the accreditation of another 
of his VEs in California. Fortunately, in terms of the VEC program’s size, the improprieties involve 
only a very small minority of the participants. 

THERE’S SOME ENCOURAGEMENT IN THE FCC’S LATEST AMATEUR GROWTH FIGURES, which 
show another all-time high of 421,082 U.S. Amateurs at September’s end, though that’s only a 2 per¬ 
cent increase over a year ago. What’s more encouraging is the number of new Amateurs licensed dur¬ 
ing the past 12 months — 20,979, up 20.75 percent over the preceding year. In the same period 
dropouts decreased by 15.13 percent, to 12,484. By class, Extras are up by 7.38 percent, Advanced 
4.73, Tech and Novice 3.6 each, while the only decrease was for General, down 0.5 percent. 22,228 
Amateurs upgraded during the year, a 10 per cent increase. 

“ARCHIE’S HAM RADIO ADVENTURE,” THE INDUSTRY-GROUP-INSPIRED comic book designed to 
pique youngsters’ curiosity about Amateur Radio, is now available in quantity. The story line in this 
very well done 36-page booklet manages to include HF and VHF fm, DX, OSCAR, autopatch and even 
packet radio while maintaining an entertaining and coherent story line. Educators and others in a po¬ 
sition to place copies in the hands of youngsters in the targeted 10-14 year old age group should con¬ 
tact Viki Armentano at the ARRL. 

WESTLINK REPORT’S FIRST “YOUNG HAM OF THE YEAR” IS SHAWN WAKEFIELD, WK5P, a 
16-year old Eagle Scout from Bartlesville, Oklahoma. Not satisfied with getting five of his fellow Scouts 
into Amateur Radio, Shawn led efforts to set up Radio Explorer Post 103 and also organized a radio 
club in his high school, where he’s an honor student. Active in RACES, he also set up and runs a 
7274-kHz railroad buffs’ net on alternate Tuesdays at OOOOz. 

Shawn Was The Judges’ Unanimous Choice , despite strong competition from several other nominees. 
He was to receive the award, which includes a complete Yaesu station, at the Ham/West Convention 
banquet in Las Vegas November 8. 

PRESSTOP EDITOR JOE SCHROEDER, W9JUV, IS RETIRING as of this issue, and ham radio's editors 
have decided not to continue the monthly Amateur Radio news column without him. Joe’s just pur¬ 
chased a small gun collecting book publishing firm, and expects his new responsibilities there to keep 
him fully occupied. He will, however, remain on the ham radio masthead to contribute editorials and 
an occasional feature article. 
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buying topo maps 

Dear HR: 

Here's some updated information re¬ 
garding the purchase of topographic 
maps from the United States Geologi¬ 
cal Survey. 

First, the headquarters of the Unit¬ 
ed States Geological Survey has been 
moved to Reston, Virginia 22092. All 
mail orders, however, should be ad¬ 
dressed to the Distribution Branch, 
United States Geological Survey, Box 
25286, Federal Center Building 41, 
Denver, Colorado 80225. 

For a copy of the USGS index to 
topographic maps, call 703 648-5830. 
Request the index for a specific geo¬ 
graphic region — for example, Mary¬ 
land, Delaware and the District of 
Columbia, which are grouped togeth¬ 
er. Each regional index lists local retail 
ers who carry USGS maps as well as 
a variety of special maps, including 
state maps, satellite image maps, and 
maps showing national parks, rainfall, 
population distribution, and similar in¬ 
formation. 

I hope this information will be use¬ 
ful to those seeking that ideal site on 
which to place their "Giant Killer Con¬ 
test Stations." 

Dan Szymanski, K3SKE 
Frederick, Maryland 21701 

cheers from 
down under 

Dear HR: 

Received July's ham radio yesterday 
and was fascinated by K2RR's 
"Reflections" ("The Phone Call," page 
4). 

The problems discussed have also 
been part of an investigation by the 
Redcliffe Radio Club. . .. We also dis¬ 


cussed the problem a few weeks ago 
and came to a very interesting conclu¬ 
sion, which is probably worth follow¬ 
ing up in the USA as well. 

Attracting youngsters to Amateur 
Radio is pretty difficult, what with all 
those distractions — including com¬ 
puters. It's easier, especially if one has 
access to a modem, to use the 
600-ohm twisted pair. Then too, Aus¬ 
tralian school kids are generally not in¬ 
terested in studying extra-curricular 
subjects because they don't count as 
academic credits. Why work hard for 
something that doesn't count? 

A far greater source of new Ama¬ 
teurs would appear to be those ap¬ 
proaching retirement age, who are 
trying to find something to do besides 
fishing, hunting, or annoying the "mis¬ 
sus." This last suggestion has been 
based on past experience within the 
Club. We found that most of the adult 
students persevered and finally passed 
the Novice exam and within a year up¬ 
graded to either Limited License (your 
Technician License) or General 
License, while out of ten young stu¬ 
dents (under 20 years) only three or 
four made the grade; all the rest all 
dropped out. 

Due to the nature of the Amateur or¬ 
ganization in Australia — where, be¬ 
cause of the cost, most work is done 
by volunteers, and not much can be 
done by either the Federal Council of 
the WIA or the State Councils — 
much depends on the Clubs. And of 
those, only a handful are trying their 
hardest to recruit more Hams. 

There is one danger [in recruiting 
new hams), however. A club specializ¬ 
ing in classes for newcomers may tend 
to forget those who passed the exami¬ 
nations simply because all the volun¬ 
teers are involved in training or other 
work to keep the Club afloat. 

I would like to hear of US Clubs who 
have been able to keep licensed 
Amateurs interested enough to remain 
active in the Club. 

Thanks for a magnificent magazine 
— and 73 from Down Under. 

John Aarsse, VK4QA 
Nambour, Australia 


short circuits 

Digi-Key address 

In the October, 1986 article, "Get on 
SSTV —with the C-64," the address of 
Digi-Key, Inc., was stated incorrectly 
(fig. 1, page 45). The correct address 
is Digi-Key, Inc., P.O. Box 677, Thief 
River Falls, Minnesota 56701-9988. 


low-noise UHF/VCO 

In part 1 of my article, "Low-Noise 
Phase-Locked UHF VCO" (July, 
1986, page 33) the noise floor in fig. 
3 was shown as -142 dBc/Hz for 
N = 1. To label the curve shown with 
VI = 1, however, is ambiguous, since 
the phase detector compares 1152 
MHz with the 32nd harmonic of the 
reference crystal oscillator. 

Reference oscillator noise increases 
by 20 log N where N in this case is 32. 
Therefore, the noise floor of the 1152 
MHz VCO should be moved to about 
- 130 dBc/Hz, if the effect of refer¬ 
ence multiplication and noise in the 
loop is taken into consideration. This 
puts the noise floor corner at about 20 
kHz, with noise rising at 20 dB per de¬ 
cade to around - 100 dBc/Hz at 200 
Hz. These numbers compare favora¬ 
bly with those of commercial syn¬ 
thesizers currently available. 

The UHF VCO PLL discussed in the 
article is a "direct" type, meaning that 
the phase detector corrects VCO 
phase at 1152 MHz, not some submul¬ 
tiple of 1152. It is difficult to achieve 
better phase noise performance by any 
other means. — WA9HUV 

vhf/uhf world 

The schematic shown in fig. 3 of 
WIJR's November, 1986 column, 
"VHF/UHF World: Broadband Ampli¬ 
fiers in Receiver Design" (page 91), 
should be positioned in fig. 4. Like¬ 
wise, the schematic shown in fig. 4 
should be positioned in fig. 3. Only the 
art should be switched; captions are 
correctly placed. 
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communicating on 474,083 GHz 


Explore a 
new frontier 
with your own 
lightwave station 

Although we might wish for bigger slices of the HF 
orVHF spectrum. Amateur Radio's frequency alloca¬ 
tions extend over 23,600 MHz. 

In assigning frequencies, the FCC didn't terminate 
our allocations at some obscure, arbitrarily chosen 
microwave band. Instead, they specifically gave us 
everything above 300 GHz. And although Amateur 
communication above the 24-GHz band isn't yet very 
practical, there is a narrow segment where it's really 
quite easy to work: that is, of course, light. 

background 

I made some of the first Amateur two-way laser con¬ 
tacts during ARRL VHF contests. At that time (June, 
1979) the ARRL didn't recognize contacts above the 
normal microwave bands, even though the FCC regu¬ 
lations did. These contacts, however, were rejected. 

I figured that the League would be more ready to 
accept lightwave contacts if specific guidelines for 
such contacts were available. With the encouragement 
of Louis Ancioux, WB6NMT, I began drafting recom¬ 
mendations. In mid-1980, I sent the ARRL Contest Ad¬ 
visory Committee several suggestions for rules. 

This is what was ultimately adopted: 

Above 300 GHz, contacts are permitted for contest 
credit only between licensed Amateurs of Technician 
class or higher, using coherent radiation on transmis¬ 
sion (e.g., lasers) and employing at least one stage 
of electronic detection on receive. . . 

The rule also state that while no minimum distance 
is specified for contacts, equipment should be capable 
of real communications (i.e., able to communicate 
over at least a mile). This was no problem at light fre¬ 


quencies; my first laser contacts were over a 15-mile 
pathl 

It should go without saying that all equipment used 
for contest points or records should be Amateur- 
owned, if not also Amateur-built. After all, there would 
be no technical challenge or achievement in borrow¬ 
ing a NASA dish to make a 432-MHz moonbounce 
contact. 

what is light? 

Light is a part of the electromagnetic spectrum. 
Visible light starts at around 400 Terahertz; 1 THz = 
10 6 MHz. The low-frequency, long-wavelength end of 
the visible spectrum appears to us as the color red. 
The high-frequency, short-wavelength end is violet. 
Green, in the center of the visible spectrum, is the 
wavelength to which our eyes are most sensitive. 

Like "regular" radio waves, light has a wave nature 
with an electric field and magnetic field component. 
It also has an associated frequency (which is only rare¬ 
ly referred to) and wavelength (the more customary 
measurement). 

A variety of length measurement units are used to 
describe light wavelength. Green light, for example, 
corresponds to approximately 5500 A (Angstrom Units 
where 1A = 1 x 10 10 meters), 550 nanometers, 0.55 
microns, or a frequency of 545 THz. But even though 
it follows many of the same rules as rf, light isn't just 
a radio wave of extremely high frequency. What sets 
light apart from lower frequency emissions is its par¬ 
ticulate nature. Light exists in discrete units called pho¬ 
tons and can be made to travel in a very narrow beam 
with very little divergence or spreading. It's wonder¬ 
ful for point-to-point communications. 

Frequency multiplication via a non-linear varactor 
is a phenomenon well known to the UHF enthusiast. 
432 MHz is conveniently reached by tripling 144 MHz. 
What is both amazing and not commonly known, 
however, is that light frequencies can also be multi- 

Steve J. Noll, WA6EJO, TiC Scientific, 1288 
Winford Avenue, Ventura, California 93004 
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plied in a special non-linear crystal! But light can not 
only be multiplied in frequency; it can be mixed. It's 
possible to direct two laser beams into a special crys¬ 
tal and produce a third beam of a different frequency 
as a result of the mix. It should therefore be possible 
to build some sort of an optical superheterodyne re¬ 
ceiver. It's also possible to build a light "amplifier," 
though the necessary crystals and lasers are very 
specialized and expensive. 

ceiver. It's also possible to build a light "amplifier," 
though the necessary crystals and lasers are very 
specialized and expensive. 

light transmitters 

. The laser was conceived in 1958 and built in 1960. 
"Laser" is an acronym for Light Amplification by 



Photo A. Four types of lasers: from top (clockwise), gas laser 
(helium neon); solid-state laser (ruby rod); semi-conductor 
laser (infrared pulsed diode type); and dye laser (dye cell filled 
with organic laser dye Rhodamine B.) 



Photo B. This Helium Neon laser uses the power supply cir¬ 
cuit shown in fig. 7. Power supply and battery are housed 
in a tool box. 
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fig. 1. Basic laser operation. 


Stimulated Emission of Radiation. 

This is how lasers work (fig. 1). A gas, solid, or liq¬ 
uid is contained in a cavity. Two mirrors, one at each 
end of the cavity, are positioned to face each other. 
Energy is transferred to the atoms inside the cavity that 
do the actual "lasing"; depending on the kind of la¬ 
ser, the energy can come from a flashlamp, an elec¬ 
tric current, a chemical reaction, other energized 
atoms or molecules, or another laser. 

The goal is to raise a lot of the electrons of the las¬ 
ing atoms to a certain higher energy level. At this lev¬ 
el, the atoms are unstable and won't stay there long. 
When the electrons "fall down" to a lower energy lev¬ 
el, they give up this excess energy, which is released 
in the form of photons. This release of photons — ran¬ 
dom in time and direction — is called spontaneous 
emission. 

If one of these photons strikes an atom that hasn't 
yet generated its photon, the impinging photon stimu¬ 
lates the atom to produce another photon identical to 
the first. The result is two photons of the exact same 
frequency and phase, traveling in the same direction. 
If everything is just right, this process continues 
through the lasing medium. 

Some of the photons bounce between the mirrors, 
traveling through the medium, stimulating more co¬ 
herent photons to be generated. These, then, also 
bounce between the mirrors, continuing the process. 
One mirror is partially transparent to let some of the 
energy escape. Thus is born the laser "beam." 

Although most people have heard of the ruby laser 
and the Helium Neon (HeNe) laser that’s commonly 
used in supermarket scanners, a great number of other 
materials have been used to make lasers. Most can 
be categorized as gas, solid-state, liquid, or semicon¬ 
ductor (Photo A). 

gas lasers 

Output wavelengths range from infrared to ultravio¬ 
let. Some are tunable. Power outputs vary from ex¬ 
tremely weak to strong enough to burn through steel 
plate. Outputs vary from a few short pulses per sec¬ 
ond to a continuous wave. Sizes vary from as small 
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fig. 2. Basic gas laser. 



as a pencil tip to room-size. And cost ranges from a 
few dollars (for surplus semiconductor lasers) to 
hundreds of thousands of dollars. 

Known for its high-power infrared output, the car¬ 
bon dioxide laser is capable of burning through met¬ 
al. The Argon laser can generate several watts of green 
and blue light. The Nitrogen laser has an ultraviolet 
output and so much gain that cavity mirrors are not 
needed. 

Most gas lasers (fig. 2) are electrically excited by 
applying high voltage to electrodes at the ends of the 
cavity, also known as the "plasma tube" (fig. 3). 
Sometimes windows seal the ends of the tube to let 
the light through to strike external cavity mirrors. Of¬ 
ten there are no windows, and the mirrors are attached 
directly to the ends of the plasma tube. Gas lasers 
usually have lifetimes expressed as a few thousand 
hours, after which time some kinds may be cleaned 
and refilled with a fresh charge of gas. 

solid-state lasers 

In this application, "solid-state" doesn't refer to 
semiconductors, but instead to lasers made of crystal 
or glass. One of the better known of these is the ruby 
laser, which consists of an Aluminum oxide "host" 
with a tiny bit of Chromium mixed in. The laser may 
take the appearance of a pink ruby rod measuring 
1/4-inch diameter and a few inches long, positioned 


close to a long flashlamp tube. Mirrors may be exter¬ 
nal or deposited directly on the rod's ends. The ruby 
laser puts out short, high-power pulses of red light. 

The ruby laser may be the most well-known solid- 
state laser, but the Neodymium YAG laser finds the 
most use. Capable of continuous output in the 
100-watt range, its output is invisible infrared. As with 
the ruby, the Nd/YAG laser is optically pumped with 
flashlamps or continuous arc lamps. It is used for cut¬ 
ting and drilling, trimming resistors, and surgery. 

liquid lasers 

Liquid lasers are often called "dye lasers" because 
the active material is usually an organic dye dissolved 
in a liquid solvent. The liquid laser's claim to fame is 
that it is tunable over a wide frequency range. 

In the simplest form of dye laser, the dye is held in 
a length of glass tubing, its ends sealed with windows. 
The external mirrors form the lasing cavity and a flash- 
lamp serves as the pump source. CW-output dye 
lasers are available. Power levels are generally under 
5 watts. 

semiconductor lasers 

Electro-optically similar to Light Emitting Diodes, 
semiconductor lasers are often called diode lasers or 
injection lasers. Output is typically in the infrared, 



Photo C. This helium Neon laser is housed in a 2’/i-inch di¬ 
ameter PVC pipe, which also contains a commercial 12-volt 
inverter power supply. 



Photo D. Components of a portable HeNe laser. 


12 ES3 December 1986 






ftnodf 

Cyiifidricit Rluainui Cathod* 

Cipilltry <ub« 
—1- 

Briwiter 

..rr'or 


b 


I 

t* . 

100J! lirror 

: 



_=k_SJ T 

LlStr 

output 


VMk output ^ 

l»r9» 9IUS rtsirvoir of 91s 


fig. 5. Modern HeNe laser tube. 


measuring a few milliwatts CW or several watts 
pulsed. 

A common package is a stud-type with a window 
on top to let the radiation out (fig. 4). Lasing action 
is achieved by running current through the tiny diode 
"chip." Mirrors are formed directly on the chip by 
cleaving opposing ends of the chip square. 

This kind of laser doesn't produce a beam as nar¬ 
row as most other lasers. Pulsed infrared diode lasers 
are presently on the surplus market — often for less 
than $25.00. We expect to see many surplus units in 
the future because of the growing fiber optic commun¬ 
ication and compact audio disk markets. 

making the choice 

It's not difficult to narrow down the wide choice of 
lasers to a few suitable for our use. Many lasers are 
quite expensive, costing several thousand dollars or 
more. Some are quite bulky because of large power 
supplies or cooling apparatus. Some produce short 
bursts of light only at a very low pulse rate. A few are 
downright dangerous, emanating invisible beams 
capable of burning through almost any known ma¬ 
terial. 

For communications use we need a laser with the 
following properties: 

• It must be inexpensive, or at least so once it reaches 
the surplus market. 

• It must offer reasonable lifetime — at least a thou¬ 
sand hours between refurbishment or replacement — 
consistent with its cost. 

• It should be small, portable, and not consume a lot 
of power. 

• It must be reasonably safe to operate and work with. 


• Although an infrared output that matches readily 
available infrared detectors would be usable, a visible 
beam is preferred. 

• A continuous wave output is most desirable. A 
pulsed output with a very high repetition rate could 
be used. 

• There should be a way to modulate the output and 
then electronically detect the result. 

Solid-state lasers are generally quite expensive, in¬ 
frared, pulsed, and not often available on the surplus 
market. The liquid lasers are also rather expensive and 
not available as surplus. They usually have a visible 
beam, but tend to be bulky. 

Semiconductor lasers present some possibilities. 
The smallest of all lasers, they're inexpensive, readily 
available, and offer long life. They can be battery- 
powered. Power output is generally low enough to be 
considered safe. 

Their biggest disadvantage is that the affordable di¬ 
ode lasers put out only infrared radiation; visible light 
is much easier to work with. Luckily, infrared detec¬ 
tors are plentiful. 

The beam from a diode laser is broader than most 
others and requires shaping by additional lenses or mir¬ 
rors to make it travel a long distance without too much 
divergence. The surplus units are usually pulsed only, 
but the repetition rate is high enough to be useful. 

There are many choices of gas lasers, but only a few 
meet our criteria. The C0 2 , Argon, Krypton, and metal 
vapor units are typically expensive, not available as sur¬ 
plus, large, short-lived, energy-hungry, and danger¬ 
ously powerful. 

One candidate looks especially good, however: the 
HeNe laser, known as the "light bulb" of the laser in¬ 
dustry (fig. 5, Photo B). Luckily, the laser that's one 
of the most suitable for Amateur use is also one of 
the most common on the surplus market. 

Actually, what one usually finds is the plasma tubes, 
not complete lasers. The choice of a power supply and 
packaging are left up to the buyer. 

The HeNe laser is fairly affordable — under $300 for 
a small, brand-new, complete unit. Surplus plasma 
tubes, with integral mirrors but without a power sup¬ 
ply, often sell for under $100, and sometimes as little 
as $30. The HeNe's lifetime is many thousands of 
hours, i.e. a few years. Its size is reasonable, and pow¬ 
er consumption is under 30 watts for the smaller units. 
The plasma tube itself generally requires up to 2000 
volts dc and up to 10 mA. A starting voltage of 10 kV 
may be required. The high voltage requirement of the 
plasma tube is perhaps the greatest hazard associat¬ 
ed with the HeNe laser. 

The common off-the-shelf HeNe lasers have pow¬ 
er outputs rated from 0.5 mW to 5 mW. The beam 
power of the under 1-mW models is high enough to 
cause blindness. The higher power units will definite- 
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ly require reasonable care in handling, but they're still 
not capable of burning through things. 

The HeNe's beam is bright red, continuous, and 
very narrow — perfect for Amateur uses. (It's the one 
I've chosen to work with.) Beam diameters are typi¬ 
cally 0.5 to 1 mm and divergence is typically 1 to 2 
milliradians, which is extremely tight. Plasma tube 
sizes are usually 6 to 15 inches long and 1 to 1-1/2 
inches in diameter. Don't buy from anyone who won't 
guarantee that the laser works. If the plasma tube is 
dead, there's nothing you can do to fix it. 

The only other major item necessary is a power sup¬ 
ply, which, of course, can be homebrewed. There are 
some nice commercial modules that run from 12 volts 
dc and supply the starting voltage as well as the high 
voltage running current. 

If you're starting with a plasma tube, a good way 
to package it is inside a length of PVC pipe. An excel¬ 
lent insulator, PVC pipe is easy to work with and in¬ 
expensive. A diameter of 1-1/2 or 2 inches is about 
the right size (see Photos C, D). 

HeNe lasers require a ballast resistor which can be 
mounted in the non-output end of the pipe, inside of 
an end cap. You might be able to fit the whole power 
supply in one end of the pipe. 

modulating lasers 

There are two ways to impress information on a la¬ 
ser beam. One is to modulate the laser itself — that 
is, to make it generate light in varying amounts. The 
second way is to insert something the path of the un¬ 
modulated beam. 

An obvious way to modulate the generation of la¬ 
ser light would be to modulate the power source. In 
the case of the HeNe laser, this would mean modulat¬ 
ing the nominal 2-kV dc power supply. 

Unfortunately, this approach doesn't work as well 
as we'd like. The HeNe laser — sort of a glorified Neon 


sign — is built around an electrical gas discharge. Per¬ 
haps you're familiar with the operation of the com¬ 
mon Neon pilot light. The NE51, for example, has a 
threshold beneath which it will not light. If much more 
than the rated voltage is applied, however, the lamp 
will be ruined. It doesn't like its power supply voltage 
or current to vary very much at all. 

Modulation can be achieved via the power supply, 
but the percentage of modulation will not be high. 
Even some commercial modulated HeNe lasers, which 
are specifically made to be modulated, offer only 15 
percent modulation. 

Power supply modulation does offer some advan¬ 
tages. It won't, for example, distort the laser beam 
shape. This is very important for long distance at¬ 
mospheric communications where an extremely nar¬ 
row collimated beam is necessary. 

One form of power supply modulation is to place 
a modulation transformer in series with one of the 
high-voltage lines leading to the laser plasma tube. I've 
tried this using a Collins modulation transformer. A 
loud signal was picked up by the 931 photomultiplier 
receiver, although the modulation level was less than 
1 percent. Attempts to increase the modulation level 
simply extinguished the plasma; apparently the modu¬ 
lation causes the high voltage to drop below the plas¬ 
ma threshold. A complete receiver is shown in fig. 6; 
a laser power supply schematic is shown in fig. 7. 

Modulation in the beam path avoids the previously- 
mentioned power supply problems. 100 percent modu¬ 
lation is achievable. There are a variety of objects that 
can be used as modulators. 

A "chopper" usually takes the form of a disk with 
notches or holes cut into it (Photo E). Powered by 
a small electric motor, the spinning disk cuts the beam 
of light. While this may seem like a crude approach, 
such devices are serious laser tools and can often be 
seen advertised in the laser-related trade magazines. 
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Photo E. Optical chopper made from a small dc motor and 
tin can lid. 

A chopper certainly provides 100 percent modula¬ 
tion. The beam is either on or off, and is not distorted 
or deflected. With a reasonable motor speed and 
enough holes or slots in the disk, the beam will be in¬ 
terrupted at an audio rate. The audio-modulated beam 
then can be interrupted to produce type A2 modula¬ 
tion, modulated CW. The Morse code interruption of 
the beam can be done with a solenoid activated by 
a telegraph key or simply by hand. 

I used this simple chopper method of modulation 
for my first contacts. The chopper disk was made from 
a 3-inch diameter tin can lid. I cut two dozen slots in 
the perimeter with tin snips, then soldered the center 


of the lid to a toy electric motor shaft. I clamped the 
assembly to the side of the laser housing and powered 
it with a 9-volt transistor radio battery. The resulting 
audio tone-modulated beam was interrupted by hand 
to achieve the final Morse code modulation. This crude 
scheme worked quite well and resulted in a very loud 
signal over a 15-mile path! 

Several kinds of electro-optical modulators use spe¬ 
cial glasses, crystals, or liquid cells. When high volt¬ 
age, rf, or a magnetic field are applied, the polarization 
of light passing through the modulator is rotated. Un¬ 
fortunately, prices for these devices run from several 
hundred to tens of thousands of dollars. 

Liquid crystal displays are light modulators that have 
become part of our everyday life. Wrist watches, port¬ 
able computers, and electronic gear of all kinds use 
LCDs as light valves to display information. It's possi¬ 
ble to modulate light by beaming it through a trans¬ 
missive type LCD or a reflective LCD with the reflector 
removed (Photo R. The main drawback is speed; the 
spec sheet for one common display lists the turn-on 
time as 100 milliseconds and the turn-off time as 200 
milliseconds - rather slow for audio frequency modu¬ 
lation. Faster LCDs may become available in the fu¬ 
ture as the need for rapid graphics displays grows. 

the receiver 

Unlike trying to modulate light, receiving modulat¬ 
ed light presents no serious problems. 

Like a simple radio receiver, a light receiver has an 
antenna for gathering energy, a "front end" filter for 
selecting the wavelength of interest, a detector for 
converting the photon energy to electrical energy, and 
miscellaneous electronics for amplification of the fi¬ 
nal signal (fig. 8). 

the "antenna" 

As with radio receivers, the antenna of a light com- 
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munications receiver presents the best opportunities 
for system improvements. ("The bigger the better” ap¬ 
plies here also.) The purpose of the light antenna is 
to gather as much light from the desired source as pos¬ 
sible, concentrate this light onto the detector, and re¬ 
ject light coming from unwanted sources — i.e., the 
sun, moon, street lights, and other sources of ambient 
light. Lenses or curved mirrors mounted in an appropri¬ 
ate tube or holder make a complete antenna system. 
Obviously, what we need is something like a telescope, 
though we needn't bother trying to obtain an actual 
detailed image of the light source. We need merely 
to gather as much light from the source as possible. 

Large-diameter lenses make good antennas. Be¬ 
cause of weight and cost, 3 to 4 inches in diameter 
is about the largest size in which glass lenses are com¬ 
monly found. The diameter of surplus lenses under $20 
usually doesn't exceed 3 inches. (Mirrors take over 
from there.) One source of large-diameter lenses is sta¬ 
tionery or office supply stores that sell, magnifying 
lenses for reading small print. These lenses may be 
made of plastic instead of glass and will require a lit¬ 
tle more care in handling to prevent scratches. Also, 
watch flea markets and other sources of used equip¬ 
ment for Luxo-type magnifying work lights. 

Fresnel lenses are flat lenses, often plastic and less 
than 1 /8 inch thick. One side is smooth while concen¬ 
tric ridges are molded onto the other side. Fresnel 
lenses won't form much of an image, but they will 
gather a very large amount of light for their cost and 
weight. I use a 10-inch diameter Fresnel lens mount¬ 
ed in a metal duct pipe to serve as an antenna for one 
of my portable photomultiplier receivers. 

Parabolic and spherical curved mirrors make excel¬ 
lent light antennas, as witnessed by their heavy use 
in optical astronomy. Swap meets and garage sales 
may be good sources for old reflector telescopes built 
around such mirrors. A small telescope with a photo¬ 
sensor mounted in place of the eyepiece would make 
a great light communications receiver, but a large Fres¬ 
nel lens would probably gather much more light. 
Curved sheet-glass mirrors and spun aluminum para¬ 
bolic reflectors measuring 1 to 2 feet in diameter may 
work well in spite of their inaccuracies at optical 
wavelengths. 



Photo F. A common LCD is used as a laser light modulator. 
Laser beam is seen entering at bottom left. 



Photo G. Portable laser communications receiver uses a 
10-inch diameter Fresnel lens for the "antenna" and 931A pho¬ 
tomultiplier tube as the detector. 

If only nighttime communication is anticipated, op¬ 
tical bandpass filtering can be dispensed with. But day¬ 
light communications is a different story; sunlight can 
swamp the photodetector, limiting your communica¬ 
tions range. A very narrow bandpass filter is required. 
Luckily, dielectric filters, sometimes called interference 
filters, fit the bill. These filters are made by deposit¬ 
ing multiple thin layers of chemicals on a glass sub¬ 
strate. (Edmund Scientific 1 sells these filters for about 
$20 each.) The specifications for their HeNe laser fil¬ 
ter state a half-power bandwidth of only 1.7 percent! 
The drawback is that the filter insertion loss is 55 per¬ 
cent, which isn't too bad considering the bandwidth. 

detectors 

As it is with lasers, there are a large number of differ¬ 
ent photo detectors available. There are photodiodes, 
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Photo H. Photomultiplier tube communications receiver. A 
3-inch diameter lens is housed in the long PVC pipe. 



Photo I. Solid-state photodetectors. Left to right: photo FET. 
bipolar photo transistor, photo Darlington transistor, photo 
diode. Bottom: photovoltaic (solar) cell. 

phototubes, photomultiplier tubes, phototransistors, 
photoFETs', photovoltaic cells (solar cells), photoresis¬ 
tive cells, avalanche photodiodes, PIN photodiodes, 
photo Darlington transistors, and even photo travel¬ 
ing wave tubes! 

Next to cost, there are three other important areas 
of concern. The first is spectral response. Does the 
device function well at the wavelength of light we are 
dealing with? Presumably we will be mainly concerned 
with the red output of a HeNe laser. Many kinds of 
detectors do not perform well at this wavelength. The 
second is sensitivity ; the light sensitivities of the differ¬ 
ent kinds of sensors vary by at least a factor of 1000. 
Speed, the third, is mainly a concern with short pulse 
width applications such as receiving light generated 
by a diode laser. It is not a concern with audio or mew 
continuous output lasers (HeNe). 

Solar cells are not considered to be especially good 
for light communications. Although they are inexpen 


sive and fast enough for audio detection and their 
"capture area" is very large, this is not an advantage 
in situations where lenses or mirrors are used to gath¬ 
er light. They are also easily overloaded by sunlight. 

Photoresistors are inexpensive and have good sen¬ 
sitivity at red light, but are too slow for detecting 
modulation. 

There are several kinds of photodiodes. PIN pho¬ 
todiodes and Avalanche photodiodes are the best 
kinds for communications. The Avalanche photodiode 
is the most sensitive and the fastest. Unfortunately, 
it is also the most expensive and is generally not found 
on the surplus market. 

The PIN photodiode is an excellent choice. It has 
a response time on the order of one nanosecond and 
its sensitivity at red light is good. The Motorola 
MRD500 and MRD510 diodes sell for about $3.50. The 
Motorola Optoelectronics data book describes these 
two diodes specifically as being suitable for laser de¬ 
tection and light demodulation. 

In the category of phototransistors, there are bipo¬ 
lar phototransistors, photo Darlington transistors, and 



Photo J. 931A photomultiplier tube. 
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photoFET (Photo I). Phototransistors are more sen¬ 
sitive than photodiodes since they have gain. This gain 
is achieved at the price of speed, although they are 
still fast enough for audio detection. 

Bipolar phototransistors are cheap and commonly 
available. A search of electronic parts catalogs yield¬ 
ed no fewer than 15 different devices available with 
prices ranging from 30 cents to less than $3. The re¬ 
sponse time is around 2 to 20 microseconds and sen¬ 
sitivity to red light is good. They can be saturated by 
too much light and care should be taken to prevent 
this by optical shielding and filtering. 

The photo Darlington transistor contains a light- 
sensitive transistor as in the bipolar phototransistor and 
an additional transistor that amplifies the output of the 
first one. These devices are very light-sensitive. Speed 
is correspondingly slower, in the 10 to 100 microse¬ 
cond range. The Motorola MRD360 photo Darlington 
is one of the best units and sells for under $5. 

Photomultiplier tubes are bulky and fragile, require 
high-voltage power supplies, cost more than most of 
the common solid-state devices, and can be hard to 
find. Their spectral response is usually not the best 
at red. So why use them? Gain. Lots of gain. Gain into 
the millions. The gain is developed inside the tube and 
without excessive noise. Rise times of 3 nanoseconds 
are typical. Photomultiplier tubes can detect extremely 
low levels of light and are linear over wide ranges of 
light intensity. The popular 931A (Photo J) is linear 
within 3 percent over a change in light intensity of 
10,000,000. 

The Avalanche photodiode is the closest solid-state 
equivalent, but it is even more expensive, extremely 
temperature-sensitive, and requires a highly regulat¬ 
ed high-voltage power supply. If Avalanche photodi¬ 
odes were ever to become low-priced surplus items, 
they might then offer some advantage over the pho¬ 
tomultiplier. But for now, the "hottest" optical front 
end is the photomultiplier tube. 

The common photomultiplier tubes look similar to 
a glass envelope octal base radio tube. They typically 
have eleven or more base pins, depending on the num¬ 
ber of stages. There is no filament. The 931A and 7117 
are two of the more common tubes. The peak sensi¬ 
tivity is at 4000 A (violet) and is unfortunately less than 
10 percent at red wavelengths. With a 1000-volt sup¬ 
ply, the current amplification for the 931A is 800,000. 

These tubes were once used in automatic headlamp 
dimmers, so one source of them would be auto wreck¬ 
ing yards. The Allied Electronics 2 catalog lists the 931A 
at $34 (new) and Fair Radio 3 sells used units for un¬ 
der $10. 

propagation 

Obviously propagation is limited to line-of-sight. The 
range depends on laser power, wavelength, and diver¬ 


gence. The wavelengths we're dealing with travel very 
well through the atmosphere. The beam divergence 
is typically one milliradian, which means for every 1000 
feet the beam travels, it spreads out by 1 foot. A mile 
away, the beam is 5 feet in diameter. The range also 
depends on receive antenna size and detector sensi¬ 
tivity — and, of course, upon the clarity of the at¬ 
mosphere. I figured that the theoretical range of a 
1-milliwatt, 1-milliradian laser and a photomultiplier re¬ 
ceiver with a 3-inch lens would be 624 miles. In real 
life, atmospheric turbulence would limit this. Neverthe¬ 
less, it's fair to say that if you use a decent receiver, 
the range is quite far. 

Aiming a laser on a target several miles away is no 
small problem. Turning a 1-milliradian divergent laser 
by only 1 degree will move the 5-foot diameter beam 
almost 100 feet at a receiving site 1 mile away. 

The laser must be mounted on a very stable tripod. 

I fashioned a micrometer-type mount to provide fine 
aiming adjustments. A rifle scope mounted on the la¬ 
ser will also help. 

I made several contacts with the K6MEP contesters 
when I was with the Los Padres Microwave group. 

I was usually on Mt. Pinos, while MEP was on Reyes 
Peak, about 15 miles away. I used a 4-mW homebrew 
laser and K6MEP used a Spectra Physics laser owned 
by W60AL. Both my unit and the MEP device used 
chopper modulation. I built both receivers around 
931A photomultipliers. One used a 10-inch Fresnel lens 
(Photo G) and the other a 3-inch glass lens (Photo 
H). We made contact by slowly sweeping the lasers 
back and forth across what we believed to be the 
receiving site (the target was too far away to recog¬ 
nize by eye). The receiving site gave a yell on 2 meters 
when they saw the beam flash by. (The beam at that 
distance at night appears very bright; it is even visible 
in daylight.) Then the fine tuning began. 

a word of caution 

Do be very careful when using lasers. They can cause 
blindness. Don't ever point one at aircraft; it's not only 
dangerous, but illegal. Several people have been ar¬ 
rested for doing just that. 

Special glasses and goggles that block the passage 
of the red output of Helium Neon lasers area availa¬ 
ble and are strongly recommended for anyone who 
experiments or works with lasers. 

Compared to the other Ham bands, the usefulness 
of the world above 300 GHz certainly has its limits. 
But the purpose of Amateur radio is not to find the 
most efficient band, the most practical mode, and the 
most expedient QSO form. We are here to explore, 
to experiment, and to investigate. 

As it is with the 432-MHz and higher bands, most 
lightwave communications activity will probably cen¬ 
ter on ARRL VHF/UHF and microwave QSO parties 
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and contests. But undoubtedly some practical uses will 
be found. One might be for links between split-site 
repeaters, for example. 

The age of the inexpensive laser is here now. 
Receivers are simple to build. Effective and afforda¬ 
ble modulation methods are all that remains to be de¬ 
veloped. Perhaps one of the readers of this text will 
discover a viable technique. 
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advanced CW processor 


Enhance reception 
with limiter/filter 
building blocks 

The proper sequence and configuration of volt¬ 
age amplitude limiters, bandpass filters, and catalytic 
carriers can enhance CW reception. Figure 1 shows 
a series of blocks I have cascaded that work well to¬ 
gether. At first glance this sequence may seem 
strange, but let me explain. To understand the rea¬ 
sons that these blocks help each other, it's best to start 
from the output end and work toward the input — ex¬ 
cluding the power amplifier, which is conventional. 

carrier-activated limiter 

A technique referred to in part of fig. 1 as CAL, for 
Carrier Activated Limiter, was completely described 
in a previous article. 1 The heart of this device is a wide¬ 
band limiter that's constantly switched into upper and 
lower saturation by a high-frequency square wave car¬ 
rier. Output from the limiter is then fed to a filter that 
passes a desired signal frequency and removes the 
square wave carrier. The carrier serves only as a cata¬ 
lyst to create a system that provides an S-shaped non¬ 
linear gain characteristic with a well-defined output 
amplitude level. Figure 2 shows the basic performance 
curve. 

With this system, signal and/or noise voltage am¬ 
plitudes only a few dB below the nominal 0,5-volt p-p 
designed signal level requirement will begin to be sup¬ 
pressed. If signal and/or noise voltages are 10 dB or 
more below the 0.5-volt level, they will be suppressed 
a nominal 14 dB below what they would otherwise be. 
In a similar manner, the ringing residues caused by the 
100-Hz filter, when confronted by the typical rise time 
of a keyed CW signal, will also be suppressed from 
a normal 15 to 20 dB below the "dit — dah" level to 
around 30 or 35 dB below. Because of this feature, 
it is actually possible to reduce the preCAL filter band¬ 
width to as little as 20 or 30 Hz without losing the abil¬ 
ity to copy relatively high speed CW: you get the 


essential capability of synchronous detection without 
its complexity. 

The referenced article also carefully explains why 
the narrow filter in front of CAL is necessary to re¬ 
duce the problem encountered when more than one 
signal enters any amplitude limiter function. But also 
consider what happens when the 100-Hz bandwidth 
filter is struck by a noise pulse. 

pulsed 100-Hz bandwidth filter 

This filter is included in the CAL article. Figure 3 
shows the output that results when it receives a noise 
pulse from the 500-Hz bandwidth filter. You'll note that 
the peak ringing amplitude from the 100-Hz bandwidth 
filter is about 1 /6th that of the short pulse that caused 
it. This phenomenon is present for impulse types of 
noise any time you have a narrow filter following a sig¬ 
nificantly wider bandwidth system. What basically 
happens is that a tall, short-duration burst of energy 
is transformed by the narrower filter to become a low- 
amplitude, long-duration burst of energy that rings 
mostly as a sinusoid at the narrow filter's natural geo¬ 
metric center frequency. However, because of our 
logarithmic hearing characteristic, we cannot detect 
much difference between the two — perhaps, in part, 
because the total energy content difference between 
the input and resulting output pulses isn't nearly as 
great as the difference in voltage amplitudes. 

But the CAL system doesn't care about energy con¬ 
tent. It cares only about instantaneous voltage ampli¬ 
tude; so, for example, if a 0.5-volt p-p pulse arrives 
at the narrow filter's input, its resulting output of less 
than 0.1-volt p-p is low enough to be reduced by more 
than 30 dB by the CAL system. This illustrates why 
the present system already does quite well in control¬ 
ling noise pulses that are no more than one or two 
times a properly adjusted signal amplitude. However, 
when confronted with noise pulses whose amplitudes 
are above three or four times the 0.5-volt p-p level, 
little suppression results. The stretched noise pulse is 
held to the maximum output level of the CAL design. 

By Don E. Hildreth, W6NRW, 936 Azalea Drive, 
Sunnyvale, California 94086 
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fig. 1. Synergistic sequence. 




INPUT VOLTS (PEAK-TO-PEAK) 

fig. 2. CAL gain curve. 



fig. 3. Pulse reactions. 


but it can still be heard. Now, suppose a voltage am¬ 
plitude limiter set at a limit level of 0.5 volts p-p is 
placed in front of the 100-Hz filter. 

limiter addition 

The CAL article carefully documents what happens 


if more than one signal enters a limiter. But how about 
those times when QRM isn't too heavy? During these 
opportune times, a front limiter can force noise pulses 
of very large amplitudes to be held to a value that can 
be acted on by the CAL's suppression factor. At the 
same time, a desired signal at 0.5 volts p-p slides right 
under the "limiter, filter, CAL" system unscathed. 
However, if a full 3 kHz to 5 kHz or so of audio band¬ 
width from your receiver is connected to this first 
limiter, then the number of opportunities for using the 
limiter may not be too favorable. Now we get to the 
500-Hz bandwidth filter. 

adding an offset first filter 

Now this may seem a bit strange. A 400- to 900-Hz 
filter will pass a signal to the 750-Hz, 100-Hz bandwidth 
filter because it embraces that band, but its center fre¬ 
quency is 600 Hz, the geometric center of the band 
edges. Its residual ringing will be at around 600 Hz, 
which is outside of the 700- to 800-Hz passband of the 
100-Hz bandwidth filter. The combined effect of the 
wider bandwidth and the offset center frequency en¬ 
ables a filter — restricted to only a 500-Hz bandwidth 
— to provide the 1 /6th impulse-to-ringing signal am¬ 
plitude ratio out of the 100-Hz bandwidth filter, as is 
shown in fig, 3. 

An empirical equation used to design this system is: 

BW.1 = 4(1 + n/8) (BW2) ( 1 ) 

Where BW1 is the 3-dB bandwidth of the first filter 
and BW2 is the 3-dB bandwidth of the second filter 
(narrow 8th-order filter). 

This calculated minimum usable bandwidth for the 
first filter is used simply to increase the potential per¬ 
centage of time when the first limiter can be used. The 
first limiter can be used with good results directly be¬ 
tween your receiver and the 100-Hz bandwidth filter 
for impulse noise control, but when signal density is 
high it will often have to be switched out, especially 
if you are listening to a weak signal that requires high 
gain from your receiver. The filter shown here provides 
what I believe to be the best available compromise be¬ 
tween potential use time and the degree of impulse 
noise suppression when the CAL is included. In addi¬ 
tion to the use factor, another trade-off must be con¬ 
sidered because of the more likely noise sources. 

noise types 

The efficacy of a noise limiter is strongly influenced 
by the preceding filter's bandwidth because of the 
length of time by which a filter stretches impulse noise. 
An empirical approximation of this for the main ener¬ 
gy burst coming from a filter following an exciting 
pulse is given by the equation: 
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Output pulse duration, /.,= sccunds 

(For flat top filters with six, eight, or more poles, the 
undulation ringing can greatly exceed t p given by this 
equation; see reference 2). 

This filter behavior tends to place a limit on how 
close together in time noise pulses can be before the 
system starts to become ineffective. If, for example, 
a train of pulses that are too close together to allow 
the filter response to decay between pulses comes 
along, then a continuous output will build up at the 
filter's center frequency (this implies another benefit 
brought about by offsetting the first filter's center fre- 
'quencyl. In this design, the first filter's t p is just slight¬ 
ly longer than 2 milliseconds, so it cannot easily be 
undone by two of our most ubiquitous noise sources: 
the woodpecker and those offensive light dimmer con¬ 
trols. The repetition rate of the woodpecker is fairly 
slow and, although its pulse duration is longer than 
most noise forms called "impulse," it is still short 
enough to be suppressed by this system. Dimmer con¬ 
trol pulses are very short when they output from a typi¬ 
cal receiver, but they come twice per cycle at the 60-Hz 
power line rate, or every 8.3 milliseconds. To avoid 
this prevalent noise type, the first filter should have 
a bandwidth preferably three or four times 120 Hz and 
should avoid a center frequency at or close to three 
times 120Hz in particular. Calculations indicate that the 
system is effective against most automobile igni¬ 
tion noise up to 2000 or 3000 RPM for most modern 
autos. If you're in an area with heavy, multiple-auto 
ignition noise, it may be advisable to increase the 
bandwidth of the first filter in this system. 

Noise from those devices that pass current through 
brushes to an armature, such as some motors and 
generators, probably can't be helped because the arc¬ 
ing often, produces very high repetition rate random 
impulse-like electrical noise. 

Figure 4 is a detailed schematic of the complete se- • 
quence. 

operating strategies 

I have always tried to limit the number of controls 
in any add-on device as much as possible. But if the 
number of controls must grow, at least most of them 
should be functions that require infrequent attention. 
In the CAL system, marketed as Model 10, there is 
just a Mode control and an output power level con¬ 
trol, which are rarely adjusted. The system shown here 
adds only a toggle switch. For me, it has resulted in 
a significant improvement: I can now have ear pro¬ 
tection in any position of the mode switch. If I'm listen¬ 
ing to a strong signal that isn't being battered about 
by QRM, I use the wide band position, include the first 
limiter, and adjust the input level from my receiver to 
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place the signal just at the edge of limiting. If QRM 
appears, I switch to the 100-Hz bandwidth position, 
then if — and only if — my desired signal is being 


"dimpled” by the interference, I toggle out the front 
limiter. I bring in the CAL only if a signal is quite weak, 
or if the keying is fast and I want to reduce ringing. 
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Receiver AGC is off and/or defeated by a moderate- 
to-low rf/i-f gain setting. 

As you can imagine, using the CAL for a weak sig¬ 
nal with QSB can be quite a chore — and sometimes 
impossible (see fig. 2). If not too much QRM is pres¬ 
ent in the 500-Hz bandwidth filter, the first limiter can 
iron out this QSB very nicely by advancing the signal 
level from your receiver to absorb the variations. By 
this action, the signal level fed to the CAL is forced 
to remain in the optimum region. Using these tech¬ 
niques, I've been able to copy some DX signals that 
I couldn't read any other way. 

final comments 

" So what about the bad news? Certainly there always 
has to be some bad news. Well, this is it: because the 
CAL system suppresses signals on the skirts of the 
100-Hz bandwidth filter, the system starts to tune more 
like 70 or 80 Hz with extremely steep skirts. This can 
make tuning difficult unless you have plenty of band- 
spread, very little backlash, and a frequency-stable re¬ 
ceiver. Using a Kenwood TS-820S, whose tuning rate 
is around 20 kHz per 360 degrees of knob rotation, care 
is required — but it's not difficult with a 100-Hz band¬ 
width filter. I found that the approximate limit for oper¬ 
ation with this tuning rate was a 40-Hz bandwidth 
Gaussian filter in place of the 100-Hz Butterworth cas¬ 
cade unit... and knob control is very demanding with 
that! 

Based upon my observations, the limit on how nar¬ 
row our useful bandwidth can be for copying most CW 


signals is determined by the prevalent mechani¬ 
cal/electrical tuning (bandspread), frequency stabili¬ 
ty, and inherent bandwidth requirements based upon 
transmitted information rates. Limitations for most 
equipment are in the order given, with the mechani¬ 
cal problem about ten times worse than the stability 
factor and the stability limit about ten times worse than 
the information bandwidth limit. To test this, a spe¬ 
cial multi-pole 10-Hz bandwidth filter was prepared. 
Copy was nearly impossible with the straight filter, but 
quite good when using CAL. Tuning was next to im¬ 
possible, but once a signal was tuned, it usually re¬ 
mained in the window for the duration of a typical 
QSO. 

Now that frequency synthesizers have found their 
way into our gear, the 10-Hz bandwidth will become 
more and more practical. To make these narrow filters 
easier to work with, and for more other subtle reasons, 
visual aids to aural-only detection should be applied. 3 
One thing I can tell you for sure: the bands seldom 
seem crowded when you're using these very narrow 
bandwidths! 
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the ZX-81/TS-1000 controller: 

new use for old computers 


Four ICs 
in interface circuit 
link computer 
to outside world 


If you've been to a hamfest lately, or read the back 
pages of any ham magazine, you've probably seen 
used Sinclair ZX-81 or Timex/Sinclair 1000 computers 
selling for less than $20*. During their heyday several 
years ago, these computers — which originally sold 
for $150 — led the way for the personal computer rev¬ 
olution. Although the Sinclair was somewhat of a mar¬ 
vel at the time, many users soon became disenchanted 
with it, either because of the small membrane key¬ 
board or the difficulty of interfacing it with peripherals. 

Perhaps you've stashed a Sinclair away in your junk- 
box in hope of someday finding something to do with 
it. Or perhaps you've toyed with the idea of picking 
one up at a hamfest but decided otherwise. Never 
mind. Get one. 

This small, cheap-looking computer has computing 
power comparable to much more expensive computer 
systems. The key to harnessing this power is simply 
finding an application that takes advantage of its 
strengths. For while it’s admittedly disappointing for 
some applications — such as word processing — it’s 
ideally suited for control functions and can be easily 
programmed for a host of controller applications. 

*TS 100(1 computors ($19.95), mnnuah; ($2,951, iinrl accossoiies air? avail 
able liam Hal Tionix, Inc.. Oep't HR, P 0 Box 1101. Scmtlujaie. Michigan 
48195 <313-285 1782). 


In this article, a simple circuit using only four ICs 
will be presented, along with a detailed example of 
how to program your ZX-81 or TS-1000 computer for 
I/O applications. 

With this simple interface circuit attached to the 
memory port of either the ZX-81 or TS-1000, you in¬ 
stantly gain the ability to communicate with the out¬ 
side world. All sorts of applications — including satel¬ 
lite rotor controls, digital voltmeters, morse code send 
ing and receiving, educational demonstrations, and 
many others — easily follow once you have an I/O 
interface. I developed this circuit as part of a school 
project a few years ago when I used the TS-1000 
computer to send and receive RTTY. Since then, I've 
been selling the information contained herein at cost 
to Sinclair computer enthusiasts at local hamfests and 
by mail. If you've been wondering how to make your 
ZX-81 or TS-1000 perform some useful tasks and are 
interested in a neat one-evening construction project, 
then read on. 

what is a controller? 

While many computers are used for computation, 
word processing, or data management, many "small" 
computers, composed of just a microprocessor and 
a handful of special-purpose chips are built strictly for 
controller applications. For example, microprocessor 
circuitry is now being installed in automobiles. A 
microprocessor is programmed with a simple looping 
program which does nothing more than continuously 
monitor various data lines and then branch to a par- 

By Ted S. Rappaport, IM9IMB, Box 283, Electri¬ 
cal Engineering, Purdue University, West 
Lafayette, Indiana 47907 
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ticular part of the program when specific lines change program then branches to the subroutine designed to 

state. These input/output (I/O) lines are connected effect the desired climate change. In this case, the in¬ 
to hardware such as the fuel level sensor, the climate formation (75 degrees) is read into the microproces- 

control console, and thermal sensors under the hood sor as digital data and a control signal is then sent out 

and inside the passenger compartment. When the to the appropriate hardware (in this case, the heater 

driver wants to raise the car's interior temperature to on/off switch). While this is an overly simplified ver- 

75 degrees, he or she simply presses a button, enter- sion of what is actually done in today's automobiles, 

ing the desired temperature. The program in the micro- it illustrates one typical application of a controller, 

processor is continuously looping, searching for any Of key importance is the fact that in such applica- 

changes on the input data lines. Finding that the driv- tions, the computer is programmed to handle a var- 

er has activated the climate control console line, the iety of input signals from external hardware and issue 
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Table 1. Parts list for Interface Circuit (fig. 11. 


Schematic Designator 

Description 

Cl 

4.7 electrolytic capacitor 

C2 

0.01 nF capacitor 

C3 

0.01 fiF capacitor 

EC1 

2 row x 23-pin edge connector; 
0.1-inch spacing, pin length at 
least 0.75-inch. 

PI 

DB-25 D connector 

U1 

74LS32 Quad two-input OR chip 

U2 

74LS00 Quad two-input NAND 
chip 

U3 

74LS30 Eight-input NAND chip 

U4 

8255 Programmable Interface 
Chip 


Miscellaneous: 

Single-sided circuit board 
Jumper wires (at least 10) 

Project box (UNIBOX UB270-130) 


control signals to external hardware. Because the con¬ 
troller's program is simple and repetitive, it doesn't re¬ 
quire much memory. The 2K of memory in the ZX-81 
and TS-1000 is more than enough to program even 
a very complex controller. We can also take advan¬ 
tage of the computer's high-level (BASIC) capability 
to simplify programming the computer for controller 
applications. An understanding of machine language 
is important, though, since the I/O interface must al¬ 
low exchange of data on a level lower than BASIC; 
this is done through the PEEK and POKE commands. 

description of interface circuit 

With the interface circuit connected to the port of 
the ZX-81 or TS-1000, very fast data signals which ap¬ 
pear on the data bus of the computer can be latched 
by the interface circuit and sent as control signals to 
external hardware (I/O devices). Similarly, in conjunc¬ 
tion with the interface circuit, the computer can read 
in very fast asynchronous signals from external hard¬ 
ware and use the received signals to make decisions 
in software. 

Figure 1 is the schematic diagram of the I/O inter¬ 
face. A complete parts list appears in table 1. Note 
that no power supply is needed for the interface; all 
four ICs are conveniently powered by the computer's 
internal 5-volt supply (the voltage is made available at 
the computer port). 

The heart of the interface circuit is U4, the 8255 
programmable peripheral interface (PPI) chip. U1, U2, 
and U3 serve to decode the address signals generat¬ 
ed by the computer. After much trial and error, I found 
that it's possible to access four I/O address locations 
not used by any of the internal computer circuitry. 
These address locations — 115, 119, 123, and 127 


Table2. Operation of 82S® PPI chip (U4). 

I/O Instruction 

I/O Address 

Operation 

IN 

115 

Read from Port A 

IN 

119 

Read from Port B 

IN 

123 

Read from Port C 

OUT 

115 

Write to Port A 

OUT 

119 

Write to Port B 

OUT 

123 

Write to Port C 

OUT 

127 

Write to Control Register 


(decimal) — may be used to activate any external de¬ 
vice connected to the computer port. For my inter¬ 
face circuit, these four address locations are used to 
access U4, which in turn directs the flow of data be¬ 
tween any external I/O device and the computer. In 
table 2, I've shown the addresses used to control the 
various registers of U4. While some of the basics on 
how to use U4 will be spelled out later, more details 
can be found in any Intel databook or in Goldsbrough's 
Microcomputer Interfacing with the 8255 PPI Chip} 

When laying out a circuit board, I decided that it 
would be nice to have the ability to add components 
or connectors in the future. (I call the upper portion 
of the board, where there are several inches of 0.1-inch 
spaced holes, the “playground" area.) By adding com¬ 
ponents and appropriate jumper wires, it's possible to 
expand the interface circuit. The single-sided board 
negative I used, shown in fig. 2, requires ten insulat¬ 
ed jumper wires, which should be installed on the foil 
(non-component) side of the circuit board after all of 
the components are mounted (see table 3). Pads are 
available on the circuit board to permit easy soldering 
of each jumper. I used 16 additional jumpers to route 
all eight of the port A pins, four of the port B pins, 
and four of the port C pins from U4 to molex pins at¬ 
tached on the top of the "playground" area. These 
molex pins mate with headers that allow for easy de¬ 
tachment of the data lines from I/O hardware or from 
a case-mounted connector. You may wish to use just 
one pin or all 24 pins available on U4 for I/O data ex¬ 
change. Use as many data lines as you need. 

The component layout for the circuit board (fig. 2) 
is shown in fig. 3. When mounting the ICs, be sure 
to use a low-wattage soldering iron since the pads are 
delicate. I strongly recommend the use of sockets for 
each of the four ICs. 

All of the components are easy to acquire at ham- 
fests or electronic shops, except, perhaps, for the 
46-pin connector used, to attach the interface board 
to the computer memory port. The connector type is 
the same as that used on ZX-81 and TS-1000 peripher¬ 
als such as the 16K RAM-pack, and is a 46-pin, double¬ 
sided edge connector with 0.1-inch spacing between 
contacts. I found that you have to buy a sturdy con- 
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fig. 2. Single-sided circuit board artwork for I/O interface circuit. 


Table 3. Jumper wires needed for single-sided circuit 
board. These connections should be made after all other 
components are soldered in place. 

Jumper between: U1, pin 11 and U4, pin 36 
Jumper between: U2, pin 5 and EC1, pin 19B 
Jumper between: U2, pin 6 and U3, pin 1 
Jumper between: U3, pin 2 and EC1, pin 7B 
Jumper between: U3, pin 3 and EC1, pin 8B 
Jumper between: U3, pin 8 and U4, pin 6 
Jumper between: U3, pin 16 and U1, pin 16 
Jumper between: U4, pin 8 and EC1, pin 10B 
Jumper between: U4, pin 9and EC1, pin 9B 
Jumper between: U4, pin 27 and EC1, pin 1A 


nector and be prepared to use a Dremel tool or a small 
saw to cut a larger connector down to correct size. 
But be careful: I bought a 60-pin, double-sided con¬ 
nector for less than $1.00 from a military surplus dealer 
at a hamfest. Eagerly, I took the new connector home, 
cut it to length, and soldered it onto the board. After 
a couple of trial fits on the memory port of the com¬ 
puter, the connector crumbled into tiny bits! It was 
a real pain to have to chop off the faulty connector 
and resolder a new one onto the board! You may no¬ 
tice from the accompanying photographs that the con¬ 
nector must be soldered on the foil side of the board, 
and protrudes from that side of the board as well. 

The entire cost of components is well under $20. 
The construction time is fast — one evening should 
be sufficient. 

I was able to find attractive plastic boxes made by 
UNIBOX 3 at a local Radio Shack for less than $4.00 



fig. 3. Component layout for interface circuit — view from 
component side (EC1 mounted on FOIL SIDE). 


each. The circuit board fits neatly inside, and only two 
rectangular holes have to be cut into the box: a 0.5 
x 2.5-inch hole to allow the 46-pin edge connector to 
protrude from the circuit board, and a 0.5 x 1.0-inch 
hole on the other side of the box to allow I/O wires 
to be fed to a D-connector mounted on the exterior 
(see fig. 4). 

interface software 

You can add all the hardware in the world to a com¬ 
puter, but it won't serve any useful purpose unless you 
know how to program the computer effectively. In this 
section a programming example for an application of 
the interface circuit is given, and a review of how to 
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use the ZX-81 and TS-1000 PEEK and POKE com¬ 
mands is presented. 

In order to perform data exchanges between I/O 
devices and the computer, it's first necessary to set 
up the I/O format on U4. U4 has 24 pins which are 
usable for data exchange. These pins are partitioned 
into three groups of eight pins. Each group of eight 
pins is called a port. 

Any program written for I/O control should begin 
with an initialization stage. This initialization sets the 
data flow of the ports on U4. For example, you may 
want to program the eight data lines of port A for out¬ 
put (data sent to the I/O device from the computer) 
and have the eight data lines of port B programmed 
for input (data sent from the I/O device to the com¬ 
puter). While ports A and B require that all eight pins 
be either input or output. Port C allows for four pins 
to be input and four to be output. Of course, Port C 
may also be programmed for all eight pins to be either 
input or output. 

While it's beyond the scope of this article to teach 
assembly language and machine code programming, 
let me assure you that mastering them is not difficult. 
If you find the example in this article insufficient, you 
may wish to read Chapters 1, 2, and 5 in Hordeski's 
easy-to-read Microprocessor Cookbook* 

The following example details the simplicity of con¬ 
troller software. Consider an alarm system that moni¬ 
tors the status of eight windows around the house. 
Three wires (ground, + 5 volts, and data status line) 
could be routed to each of eight windows. A small 
switch could be mounted by each window so that if 



fig. 4. The circuit board fits into the project box. Be sure to use 
an edge connector with at least % "of pin length to allow clear¬ 
ance when the circuit is plugged into the computer port. It is 
convenient to have a connector on the back of the boxforeasy 
access to the I/O lines. 


the window is shut, a low-logic level (0 volts) exists 
on the status line. If any of the windows are open, 
we want the computer to recognize this and sound 
a bell. For this case, we may use all eight pins of Port 
A for input (to read the status of each of the eight win¬ 
dows), and may use Port B for output (although we 
need to use only one of the eight pins to output a con¬ 
trol signal for the alarm). Since we're not using Port 
C, we don't care what it's programmed for! By con¬ 
necting the status line of each window to individual 
pins of Port A, we can read the status of each win¬ 
dow into the computer. If we use a simple transistor 
switch to activate the bell, one of the pins from Port 
B can be connected to the gate of the transistor 
switch. When a window is discovered to be open, the 
computer then sends out a high-logic level (5 volts) 
to the alarm pin (as well as the unused pins) on Port 
B, thus sounding the bell. 

The programming steps for the window alarm ex¬ 
ample would be as follows: 

1. Initialize data flow on Ports A, B, and C. 

2. Look at input data from windows. 

3. If any of the input data bits is "1," sound alarm. 

4. If the input data is all "0," then go to step 2. 

Notice that once the data flow is initialized on U4, no 
further action is required unless the power is un¬ 
plugged or U4 is reprogrammed. The assembly lan¬ 
guage program for this example follows (comments 
are included in parenthesis): 

(Initialization): 

LD A, 144 (144= 10010000, This programs Port A for 
input, Ports B, C for output. We load 144 into ac¬ 
cumulator.) 

OUT 127, A (Send contents of accumulator 144 to the 
U4 control register, which is located at ADDR 127.) 

(Monitor window data): 

loop IN A, 115. (Read in the eight-bit data at ADDR 
115 — Port A — and place data in the ac¬ 
cumulator.) 

JRZ, loop (Compare the eight bits of data in accumu¬ 
lator to the all-zeros data word 00000000; 
if all eight bits of data are zeros, then jump 
back to loop and continue to monitor.) 

(If program gets to this point, then sound the alarm!): 

LD A, 255 (Load accumulator with all-ones word, 
11111111 ) 

OUT 119, A (Send the accumulator contents out to 
Port B; this sounds the alarm). 
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The preceding assembly language program, when 
written in machine code, requires only 13 bytes of 
memory! It's entered into the computer via the POKE 
command. The conversion from assembly language 
mnemonics to machine opcodes is given in the ZX-81 
and TS-1000 user's manual appendix. For the previ¬ 
ous program, the machine code that would be POKEd 
is given in table 4. 

Although not illustrated in this example, it’s simple 
to monitor your I/O activity by going back and forth 
between BASIC and machine code. In this case, it 
would have been easy to see on the computer moni¬ 
tor which particular window (or windows) were 
opened by simply passing the Port A data to the b-c 
register pair in the machine code program, and then 
by returning to BASIC by way of the USR command 
and printing the value of the USR function on the 
screen. 

machine code within BASIC programs 

To store a machine code program in the computer, 
you must first set aside some memory by using a REM 
statement (usually the first line in your BASIC pro¬ 
gram). The REM statement sets aside successive 
memory locations which are never written over, there¬ 
by allowing you to store machine code programs safe¬ 
ly. Machine code programming may be saved on tape 
by using the SAVE command. 

A machine code program is run in sequence by us¬ 
ing the USR command, where the argument of the 
USR command is the address location of the first ma¬ 
chine language opcode. The computer returns to the 
BASIC program once the return opcode (201) is en¬ 
countered, and assigns the decimal value of the b-c 
register contents to the variable name to which the 
USR function is equated. In this manner, it's possible 
to pass data from machine code programs (and con¬ 
sequently data from external I/O devices) to BASIC. 
Or you may use the PEEK command in a BASIC pro¬ 
gram to retrieve data from dedicated memory locations 
in your machine code storage area (REM statement). 
Either way, it's a simple chore to transfer data from 
"real world" devices to your computer. By using the 
POKE command in a BASIC program, you may place 
data from BASIC into data locations of machine code 
programs. Note that this allows you to make keyboard 
entries and have these entries correspond to control 
signals for I/O devices. 

When you're ready to enter a machine code pro¬ 
gram into the computer, clear the computer's memo¬ 
ry and begin as if you were writing a new BASIC 
program. Enter line 1 as a REM statement, filling in 
as many letters in the REM statement as the number 
of bytes required in your machine program. It doesn't 
matter what you put in your REM statement, because 
after you POKE 'm your machine code, the REM state¬ 


Table 4. Machine code for programming example. 

Assembly language instruction 

Machine code 

LD A, 144 

62 


144 

OUT 127, A 

211 


127 

IN A, 115 

219 


115 

JRZ, -4 

40 


252 

LD A, 255 

62 


255 

OUT 119, A 

211 


179 

RETURN TO BASIC 

201 


ment appears as gibberish on the screen. For the 
TS-1000 computer, the first usable memory slot once 
a REM statement is entered is 16514. Use the POKE 
command to place the machine code in sequential 
memory locations starting with 16514. Upon complet¬ 
ing the entry of your machine code, place the opcode 
201 in the very next memory location following your 
last program opcode. At this point it's a good idea to 
save your program on tape (even though it's only a 
single REM statement). That way if anything happens 
— for example, if junior unplugs your computer — you 
don't have to re-POKE your entire program! For the 
machine code in table 4, the following would be en¬ 
tered into the computer: 

POKE 16514,62 (press enter) 

POKE 16515,144 (press enter) 

POKE 16516,211 (press enter) 


POKE 16524,211 (press enter) 

POKE 16525,119 (press enter) 

POKE 16526,201 (press enter) 

To verify that the opcodes are in memory, you may 
use the PEEK command to see what the computer has 
stored. 

In order to execute your machine code, you must 
have a BASIC statement that contains the USR func¬ 
tion. For the window alarm program, your next pro 
gram line (following the REM statement) could be: 
2 LET WINDALARM = USR (16514) 

By running this simple two-line BASIC program, your 
Sinclair computer executes the machine code and is 
able to communicate with external devices through the 
use of the interface circuit! If the machine code was 
written so that the Port A data was placed in the b-c 
register pair, then the value of the variable WIND- 
ALARM, which can be viewed on the monitor with 
a simple print statement such as 
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3 PRINT WINDALARM, 

could be displayed to indicate (in decimal) the win¬ 
dow status. 

When using the Sinclair computer as a controller, 
more than one machine language program can be 
used. It's often convenient to write several subroutines 
in machine code, and store them all in succession in 
the first REM statement. (Remember they're separate 
to the computer when they end in the opcode 201). 
In this manner, your BASIC program can consist of 
various calls to the subroutines by using USR func¬ 
tions with the appropriate memory addresses in the 
REM storage. 

conclusion 

In this article I've discussed the hardware and soft¬ 
ware needed to provide a communication path be¬ 
tween your Sinclair ZX-81 or Timex/Sinclair 1000 
computer and any I/O device you might wish to con¬ 
trol or monitor. With the price of these computers so 
low, even those with the tightest budgets can afford 
to experiment with computer control! By now, you 
may already have an idea for a controller application 
in your shack. If you take an evening out to build this 
circuit and spend a few hours reviewing machine lan¬ 
guage programming, you’ll be amazed at what your 
small but mighty computer can do! 
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Regency Scanner Answer Giveaway 


Here’s your chance to win a complete monitoring 
package from Regency Electronics and Lunar Antennas. 
18 scanners in all will be awarded, including a grand 
prize of the set-up you see above: the Regency HX1500 
handheld, the Z60 base station scanner, the R806 mobile 
unit, and a Lunar GDX-4 Broadband monitoring/ 
reference antenna. 


channels, keyboard programming, priority control, digital 
display and permanent memory. 

Lunar Antenna 

Also included in the grand prize is a broadband 
monitoring/reference antenna from Lunar Electronics. 
The GDX-4 covers 25 to 1300 MHz, and includes 


55 Channels to go! 

When you're on the go, and you need to stay tuned into 
the action, take along the Regency HX1500. It’s got 55 
channels, 4 independent scan banks, a top mounted 
auxiliary scan control, liquid crystal display, nigged die- 
cast aluminum chassis, covers ten public service bands 
including aircraft, and, it’s keyboard programmable. 

Compact Mobile 

With today's smaller cars and limited installation space 
in mind, Regency has developed a new compact mobile 
scanner, the R806. It's the world’s first microprocessor 
controlled crystal scanner. In addition, the R8U6 features 
8 channels,' programmable priority, dual scan speed, and 
bright LED channel indicators. 

Base Station Plus! 


Besides covering all the standard public service bands, 
the Regency Z60 scanner receives EM broadcast, 
aircraft transmissions, and has a built-in digital quartz 
dock with an alarm. Other Z60 features include 60 



Send in a photo (like 
this one of Mike 
Nikolich and his 

I Regency monitoring 
m station) and receive 
| a free gift from 

Regency. Be sure 

II to include your 

\ name, address and 
A '• phone number. 


a 6 foot tower. 






ELECTRONICS INC. 

7707 Records Street 
Indianapolis, IN 46226 


Wlft'iTiBlffrEM (1 awarded) 

1 — Regency Z60 Base station scanner 
1—Regency HX1500 Handheld scanner 
1—Regency R806 Mobile scanner 
1 — Lunar GDX-4 Antenna 


First Prize 


(5 awarded) 

1 — Regency Z60 Base station scanner 
1 — Regency R806 Mobile scanner 


TWn.Ttfg.EEl (5 awarded) 

1 — Regency HX1500 scanner 


Contest rules: Just answer the questions on the coupon, (all answers are . 
in the ad copy) fill in your name and address and send the coupon to | 
Regency Electronics, Inc.. 7707 Records Street, Indianapolis. IN 4622(>. I 
Winners will be selected from all correct entries. One entry per person. No ’ 
purchase necessary. Void where prohibited by law. Contest ends June j 
30. 1987. I 


| 1. The Regency Z60 is 

j □ a digital alarm clock □ an FM radio 

i □ a scanner □ all of the above 

j 2. The Regency R806 is the world's first_ 

j controlled crystal scanner. 

| 3. The Regency HX1500 features 

!j □ 55 channels □ Bank scanning 

j) □ Liquid crystal display □ all of the above 

j 4. The Lunar GDX-4 antenna covers_to_MHz. 


| Name:_ 

“ Address:_ 

J 

j City:_State:_Zipcode: 

[ I currently own_scanners. 


J Brands owned:. 


I 

I 

I 
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I 

i 

! 

1 

1 

1 
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1 

1 
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amateur FSK: 

a spectral analysis 


Experimenting with 
spread spectrum? 
Try this technique to assess 
interference levels and 
determine channel separation 


The increasing use of digital communications 
techniques in Amateur Radio, be it in RTTY, packet 
radio, AMTOR, or spread spectrum, makes it increas¬ 
ingly important for the Amateur to understand the 
characteristics of digital transmissions. This article dis¬ 
cusses frequency-shift-keyed (FSK) waveforms, the 
simple technique of associating one frequency with 
one level of a digital code and another frequency with 
the other level. In essence, the binary code switches 
a carrier between two frequencies, a method well- 
known in the 1920's, when radio teleprinting first 
became popular. 

This article investigates the spectral characteristics 
of FSK signals — that is, the way an FSK signal 
occupies a segment of the radio frequency spectrum. 
Spectral analysis is invaluable for assessing interfer¬ 
ence levels, deciding on adjacent channel spacings, 
and more recently for spread spectrum experimenta¬ 
tion. Although two computer-simulated and experi¬ 
mental studies of some FSK signals have appeared in 
the Amateur press, neither study was based on mathe¬ 
matical analyses of the waveforms, and consequently 
encouraged little further investigation among the Ama¬ 
teur community. 1 ' 2 Here, the mathematical results will 
be provided, thus encouraging readers to experiment 
with FSK waveforms on their personal computers. 

generating an FSK signal 

There are two basic ways to generate an FSK sig¬ 
nal. Referring to fig. 1, we see two oscillators running 
at frequencies fi and fi, with a switch to choose one 
or the other as an output. The switch is controlled by 
the ones and zeros of a digital bit stream: // is sent 
for a zero, f2 for a one. The resultant frequency-shift- 
keying waveform has discontinuous phase at the tran¬ 
sition times, meaning that when a bit changes from 
one to zero or zero to one, the phase of the // oscil¬ 


lator is completely unrelated to the f2 oscillator phase. 
Some Amateur modems generate FSK this way, 
usually from two separate switched audio oscillators 
fed into the microphone input of an SSB transmitter. 

In fig. IB, the FSK waveform is generated by feed¬ 
ing the digital bit stream to a single voltage-controlled 
oscillator. The oscillator is instantly pulled from // to 
fi and back again, but because there's only one oscil¬ 
lator the phase is continuous at the bit transitions. The 
old trick of FSKing the VFO of a transmitter by tying 
an element of the oscillator tube to the keyboard also 
yields continuous-phase FSK (CPFSK). Modern radio 
modems generating audio FSK using an integrated cir¬ 
cuit like the XR2206 can also generate CPFSK. The 
difference between discontinuous phase FSK 
(DPFSK) and CPFSK is illustrated in fig. 2, where the 
bit stream and the two frequencies it controls are plot¬ 
ted. Note the sharp-edged transitions in DPFSK when 
the carrier switches between fi and fi) these are not 
present in the smoother CPFSK waveform. As shown 
later, the spectral responses of these two kinds of FSK 
are quite different. 

overview of spectral analysis 

An easy-to-understand time-domain representation 
of FSK signals, that is, how they would look on an 
oscilloscope, is shown in fig. 2. However, it's much 
more interesting to consider what these signals look 
like in the frequency domain. Questions such as how 
much bandwidth they occupy, why some seem to 
splatter more than others, and what kind is better for 
radioteleprinting than for spread-spectrum communi¬ 
cations are answered. It's important to realize that we 
have a couple of parameters to play with here — the 

By Richard Ferranti, WA6NCX, 116 Franklin 
Street, Arlington, Massachusetts 02174 
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fig. 1. Two methods of generating frequency-shift-keyed 
signals. 



TIKE (tl —* 

fig. 2. Continuousand discontinuous phase FSKas viewed 
on an oscilloscope. 


words per minute or baud rate, and the frequency shift 
(from fi to f2 in Hertz).* For instance, an 850-Hz shift, 
60 wpm Baudot FSK signal has a different spectrum 
than the same signal shifted by only 170 Hz. By explor¬ 
ing different shifts and data rates, it's possible to 
optimize FSK for one’s particular needs. 

The time-domain representation of an FSK wave¬ 
form is converted to a frequency spectrum by a mathe¬ 
matical operation known as a Fourier transform. How¬ 
ever, the Fourier transform of one sequence of 
characters differs from the transform of other 
sequences of characters. What we really want is a spe¬ 
cial average (called an ensemble average) that smooths 


'Strictly speaking, there’s really only one parameter in FSK, i.e. the phase 
change per bit, but Amateurs usually speak of frequency shift and wpm or 
baud rates. With respect to the center radian frequency (an + a>2)/2, the phase 
change per bit is expressed in radians as Tx shift x x where T is the 
data bit length in seconds, and the shift is in Hertz. 


5 REM **** PROGRAM FRAGMENT FOR 

CALCULATING SPECTRAL DENSITIES **** 

10 DIM XC2001,YC2003 

20 PI=3.14159265:T=0.022:SHIFT=170:U1=90 
83.3*2*PI :W2=C9083.3+SHIFT1*2*PI:WS=C908 
3. 3+SHIFT/2-10001*2*PI 
30 AL=CU2+W1V2 :BE=CW2-W1V2 
40 FOR 2=1 TO 200 

50 REI1 **** DISCONTINUOUS PHASE CASE 

- USE LINES 60 TO 120 **** 

60 A=WS+2*20*PI-U1 :B=US+2*20*PI+U1 :C=US + 
2*20*PI-U2:D=US+2*20*PI+U2 
20 Al=tSINCA*Tz211*CSINCA*Tz2)l 
80 B1=CSINCB*T/211*CSINCB*T/211 
90 Cl=CSINCC*T/211*CSINtC*Tz211 
100 Dl=CSINCD*T/233*CSINCO*Tz233 
110 E=A1/CA*A1+B1 z[B*B1+C1zCC*C1+D1zCD*D 
1 

120 VC21 = 10*CLOGCE1 :XC21 = C2-1003*10 
130 REh **** CONTINUOUS PHASE CASE 

- USE LINES 140 TO 280 **** 

140 U=C2*PI*2*10:+WS 

150 A=U-U1 

160 B=U-U2 

170 C=U+U1 

180 D=W+UI2 

190 E=U-AL 

200 F=U+AL 

210 G=2*SINCA*Tz21*SINCA*Tz23*SINtB*Tz21 
*SINCB*T/21 

220 H=2*SINtC*T/'2)*SINCC*T/21*SINCD*Tz21 
*SINCD*T/21 

230 I=tl/A-izBl*Cl/A-l/Bl 

240 J=tl/C-l/Dl*Cl/C-l/Dl 

250 K=T*C1-2*C0SCE*T1*C0SCBE*T1+C0SCBE*T 

1*COSCBE*T13 

260 L=T*Cl-2*C0SCF*n*C0SCBE*T1+C0SCBE*T 

1*COSCBE*T11 

270 M=G*I/K+H*JzL 

280 rC21 = 10*CLOGCM1 :XC23=C2-1001*10 
290 NEXT 2 

fig. 3. Atari BASIC listing for calculating the spectral den¬ 
sity of FSK signals. The trig functions evaluate their argu¬ 
ments in radians (not degrees). 


the results of all the possible Fourier transformed bit 
streams that you could send. In a sense, this kind of 
ensemble averaged Fourier transform (now called a 
power spectral density or simply a spectrum) best 
represents the FSK spectrum of any message, because 
it's the average of the spectra of all possible messages. 
This spectrum, then, tells you how much power exists 
in a given bandwidth anywhere near the center fre¬ 
quency of the FSK signal. 

There are at least three ways to evaluate the 
ensemble-averaged Fourier transform of an FSK sig¬ 
nal. The first, a mathematical approach, uses a 
description of FSK (either with discontinuous or with 
continuous phase at the bit transitions), to calculate 
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Table 1. Equation for power spectral density of discontinuous-phase - frequency-shift-keying. 
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<0 = radian frequency 
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T = the data bit time or the reciprocal of the 
baud rate 


Table 2. Equation for continuous phase - frequency-shift-keying. 
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the spectral density equation.- 1 The techniques are ties is to use an FSK modulator and spectrum analyzer, 
powerful and the equations are easily plotted and However, once you use the equations and come up 
evaluated. with a shift and baud rate that you like, you can bor- 

The second method for evaluating the spectra of row a spectrum analyzer and see how well your the- 

FSK signals is to simulate a time-domain FSK signal ory meets with practice. (See the two examples at the 

on a computer, take its Fourier transform using a well- end of the article), 

known algorithm, and repeat the process several times . . 

using different bit streams. The results are ensemble- mathematical analysis 
averaged so that a spectral density begins to emerge The spectral densities of DPFSK and CPFSK have 

from all the individual Fourier transforms. This method been calculated by an exact mathematical analysis, 

requires considerable computer memory and must be These results are then easily plotted on a home corn- 

repeated every time you want to try a new bit rate or puter, in fact, we'll give some BASIC listings to help 

shift. you along. The equation for the power spectral den- 

The third method for obtaining FSK spectral densi- sity of discontinuous-phase frequency-shift-keying is 
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shown in table 1. The equation for continuous-phase 
FSK is shown in table 2. 

Frequency shift is simply f2-fi (Hz), or «2-col in 
radians per second. Note that if your frequency shift 
is in a whole number of Hertz, then u2 - <oi is never 
an integer. 

7, the data bit length, can be found for Baudot or 
ASCII data rates and speeds in any recent edition of 
the ARRL Handbook. For the ASCII case, the data 
pulses and stop pulses are the same length (7= 3.333 
mS) for the data and stop bit lengths with 300 baud 
ASCII, so the spectral density results are exact. How¬ 
ever with Baudot, the stop pulse is often 50 percent 
longer then the data pulses. Since there are five data 
pulses for each stop bit, and the longer stop pulse 
would only result in a narrower spectrum than the 
faster data pulses, I use the data pulse time for the 
following plots. For example, 60 wpm Baudot (baud 
rate is 45.45) had 7=22 mS. This should be suffi¬ 
ciently accurate for any practical purpose. 

An Atari BASIC program listing for both these equa¬ 
tions is provided in fig. 3. The program calculates 
either the DPFSK spectrum (use lines 60 to 120 and 
delete 130-280! or the CPFSK spectrum (use lines 
130-280 and delete lines 60 to 120). The result is 
placed in array Y (in dB), with the frequency (in Hz) 
in the X array. The shift and bit times can be changed 
in line 20; they are shown for 170 Hz shift, 60 wpm 
Baudot. If you link this program fragment with your 
machine-specific plotting package, you can generate 
plots like the ones that follow. Atari BASIC is suffi¬ 
ciently generic so that the listing should run on nearly 
any personal computer with few changes. 

spectral plots 

The spectral density plots, figs. 4 through 13,, are 
for two cases: the FSK signal with discontinuous 
phase, and the same signal with continuous phase at 
the bit transitions. The magnitudes are relative and are 
intended for comparison purposes only — for instance, 
to show how sidelobe levels compare from one spec¬ 
trum to another. It may be puzzling to some that there 
are no lines in these plots, no periodic signals or car¬ 
riers, particularly at ft and f2. Recall, though, that this 
is a frequency-modulated waveform with a random bit 
stream as its input, and in general this kind of modu¬ 
lation result is in a purely broad spectrum with no car¬ 
riers. The only exceptions occur when special relation¬ 
ships between fl,j2, and 7exist, e.g. w2-col, oj2 = w1 
are integers or 2aT or 2/3T are odd multiples of 7 t/ 2. 
For these so-called degenerative cases, the reader is 
referred to the original Bell Labs paper. 3 

Note particularly how, in each case, the continuous- 
phase FSK spectrum rolls off much faster than its dis¬ 
continuous phase counterpart; in fact, this is a charac¬ 
teristic of all continuous-phase signals. This means 



fig. 4. FSK spectrum, discontinuous phase 850 Hz shift for 
60 WPM Baudot RTTY. 





OFFSET FROM CENTER FREQUENCY IN Hz 

fig. 5. FSK spectrum. continuous phase 805 Hz shift for 60 
WPM Baudot RTTY. 



fig. 6, FSK spectrum, discontinuous phase 170 Hz shift for 
60WPM Baudot RTTY. 
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fig. 7. FSK spectrum, continuous phase 170 Hz shift for 60 
WPM Baudot RTTY. 
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fig. 8. FSK spectrum, discontinuous phase 170 Hz shift for 
100 WPM Baudot RTTY. 


fig. 9. FSK spectrum, continuous phase 170 Hz shift for 100 
WPM Baudot RTTY. 
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that more energy is concentrated near the center fre¬ 
quency of a CPFSK signal, with less energy further 
from the center frequency that might cause interfer¬ 
ence with another band user. In short, CPFSK signals 
are generally more spectrally efficient than DPFSK 
ones, though spectral efficiency is subject to many 
definitions. This CPFSK advantage is very evident in 
the 300 baud, 170 Hz shift ASCII case, where the 
DPFSK signal is splattered all over the band, and the 
CPFSK spectrum begins to look like an ideal flat- 
topped bandpass filter! We'll return to this case 
shortly. 

cumulative power 

One advantage of having the mathematical expres¬ 
sion for the spectral density is that operations such 
as integration or differentiation can be performed that 
would be less accurate and more time-consuming 
using any other method. Using the expressions given 
above, the cumulative power in any FSK spectral den¬ 
sity can be calculated. By "cumulative power," we 
mean the following: imagine a frequency window, 
located at the center frequency of the spectrum, and 
ever-widening. Each time you widen the window a lit¬ 
tle, you stop and ask how much of the total power 
in the spectrum is outside your window's frequency 
limits. For example, when the window is very narrow, 
nearly all the spectrum's power is outside. As you 
widen it, less power is outside the window and your 
answer gets smaller and smaller. This is then an excel¬ 
lent measure of how well your spectrum concentrates 
its power in a given bandwidth. It can, for example, 
be used to estimate the interference levels a given 
number of Hertz from your signal, or even to design 
an optimum receiver filter that will capture as much 
signal power as possible without sacrificing adjacent 
channel interference rejection. 

The cumulative power is obtained by integrating the 
power spectral densities obtained above. This was not 
done mathematically, but instead numerically on a 
computer using the short Atari BASIC listing given in 
fig. 14. The idea is to evaluate the spectral density at 
ever-widening frequency points, each time adding up 
the result and scaling by the frequency increment. 
Numerical integration can be a subtle and tricky busi¬ 
ness, especially in computer-aided circuit analysis, but 
these spectra are nicely behaved and the algorithm 
shown works fine. Note that you use either lines 110 
and 120 (DPFSK) or lines 140 and 150 (CPFSK); the 
shift and bit times are given in line 60 (here 170 Hz 
shift, 60 wpm Baudot). The results (in dB) are placed 
in the Y array, and the window width in Hertz is in 
the X array, ready to pass to your plotting routine. 
Finally, notice how simple the formulas for the spec¬ 
tral densities become when compared to those in fig. 
3; this is the result of some clever substitutions made 



fig. 10. FSK spectrum, discontinuous phase 170 Hzshiftfor 
110 Baud ASCII RTTY. 



fig. 11. FSK spectrum, continuous phase 170 Hz shift for 
110 Baud ASCII RTTY. 
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by sliding the spectra down to a center frequency of 
0 Hertz (DC). 4 

The plots given in figs 15 and 16 compare the 
DPFSK and CPFSK cases of cumulative power for a 
Baudot and ASCII waveform. As one would expect 
from the previous plots, the curves with the faster roll¬ 
off are for CPFSK spectra. Note how just a few hun¬ 
dred Hertz away from the center frequency, the 
CPFSK signal has over 20 dB less power in it than the 
DPFSK one, an important consideration for evaluat¬ 
ing adjacent channel inteference. Other shifts and 
speeds can be explored using the listing in fig. 14. 

applications 

There are many additional issues one could raise 
concerning Amateur FSK transmission. One example 
is the receiver/demodulator design. It was suggested 
that the receiver filter could be optimized for minimum 
signal power loss and maximum adjacent channel 
interference rejection by using the cumulative power 
plots for a particular FSK waveform. However, the 
demodulator also has filters in it; the classical Ama¬ 
teur design uses two narrow bandwidth filters centered 
on fl and /?, respectively. This type of demodulator 
filtering makes good sense when receiving FSK trans¬ 
missions of the kind illustrated in figs 4-11, because 
the filters match the power peaks in the signals, also 
centered on fl and f2. However, the 170 Hz shift 300 
baud ASCII FSK in figs. 12 and 13 are another story; 
here the signal energy is very broad and peaked at the 
center frequency of the signal, not at // and f2. 
Hence, as illustrated in fig. 17, the conventional Ama¬ 
teur FSK demodulator filters waste signal power; their 
sharply peaked // and f2 responses no longer match 
the spectral density. That many Amateurs shy away 
from 300 baud ASCII on the air begins to make sense 
. . . their non-optimal modems ignore so much signal 
energy that they experience high error rates under the 
usual noisy band conditions. Solutions could involve 
anything from a radically different 300 baud demodu¬ 
lator design (using a signal correlator, perhaps) to the 
simple expedient of changing the frequency shift to 
a new value large enough so that fl and J'2 peaks 
reappear in the spectrum. Of course this will take up 
more bandwidth, and the former filters will have to 
be retuned for the new shift, but a definite improve¬ 
ment would be noted over present 300 baud ASCII 
error rates. 

Another issue raised in our spectral analysis of Ama¬ 
teur FSK is its application to spread spectrum com¬ 
munications. The "direct spreading" approach dis¬ 
perses the signal energy so broadly that it lies below 
the noise level; the signal hides in the mush and goes 
undetected by conventional narrowband receivers. 
The spread spectrum receiver is constructed so as to 
reconstitute the signal from all those bits of energy 


strewn here and there over the band. The question 
is, which waveform spreads the energy best? If you 
look at fig. 13, the 170 Hz shift, 300 baud ASCII 



fig. 13. FSK spectrum, continuous phase 170 Hz shift for 
300 Baud ASCII RTTY. 


S REM *** PROGRAM FRAGMENT FOR 
CALCULATING CUMULATIUE SPECTRA *** 

10 DIM XC1603,YC1603 
20 PI=3.14159265 
30 INC=PIx60 
40 NJ = 480 

50 SUM=0:PT=0:N2=3:£=0 
60 SHIFT=170:T=0. 022 
70 A=PI*SHIFT*T 
80 FOR J=! TO NJ 
90 B=CJ-0.53*INC 

100 REM **** DISCONTINUOUS PHASE CASE 
USE LINES 110 AND 120 **** 

110 YF=2*SINt(B + A)/'2 3*SINCCB+A)/'2 3xCCB + A 
3*CB+A33 

120 YF=YF+2*SINCCB-A3'2 3*SINC CB-A3x23'C C 
B-A3*CB-A31 

130 REM **** CONTINUOUS PHASE CASE 
USE LINES 140 AND 150 **** 

140 YF=2*A*CCOSCA3-COSCB3VCA*A-B*B3 
150 YF=YF*YF'C1+C0SCA 3*CCOSCA3-2XCOSCB33 
1 

160 SUM=SUM+YF*INCxPI 
170 2=2+1 

180 IF 2=N2 THEN YF = 1-SUM :PT=PT+1:YCPT3 = 

10*CLOGCYF3 =2=0 

190 NEXT J 

200 FOR L=1 TO NJ/3 

210 XCL3=L*N2*INC'CPI*T3 

220 NEXT L 

fig. 14. Atari BASIC listing for calculating the cumulative 
spectra of FSK signals. The trig functions evaluate their ar¬ 
guments in radians (not degrees). 
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CPFSK spectrum, you'll begin to get a hint. It can be 
shown that if you want to fill a given channel or band¬ 
width with signal energy, the most efficient way to 
do it is with a rectangular spectral density, because 
every chunk of available spectrum space will be filled 
with an equal amount of signal power. Coincidentally, 
a flat rectangular spectrum also looks most noiselike 
over the given channel (the spectrum of noise is flat). 
Now turn to fig. 18. It's still 300 baud CPFSK ASCII, 
but we've changed the shift to 190 Hz. Most striking 
is the nearly rectangular main lobe, which ideally meets 
the requirements outlined above. Of course, if you 
really want to spread your signal energy around and 
hide the communications under the noise, you can 
scale everything up by any number you choose; 
although a 190-Hz shift, 300 baud signal has the same 
spectral shape as a 19-MHz shift, 30 Megabaud 
CPFSK signal, it's 100,000 times wider. You could, 
with this CPFSK waveform and the proper hardware, 
carry on communication over the entire 420-450 MHz 
Amateur band and no one except your intended 
receiver would know you were there! 

To demonstrate that these spectral density ideas 
really work, I generated that rectangular main lobe 
CPFSK signal and used a sophisticated spectrum 
analyzer to both ensemble- average and record the 
resulting spectral density. Shown in fig. 19, it nicely 
confirms the theory of fig. 18. The slight raggedness 
on the spectrum comes from my not averaging every 
possible bit pattern, which would have taken an infinite 
amount of time! But this CPFSK spectrum, and all the 
ones shown here or that you may choose to inves¬ 
tigate on your own, can indeed be generated in the 
laboratory — even the one with that remarkable flat 
top. 



fig. 18. FSK spectrum, continuous phase 190 Hz shift for 
300 Baud ASCII RTTY. 
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ANNOUNCING 

THE 

DIGITAL VOICE KEYER 



Now lor the lirsl lime you can enioy (he truly unique operation ol a Digital Voice 
Announcement System, designed specifically lot Amateur Radio communica • 
linns The DVK- ton represents the latest technology in digital audio piocessiny. 
Create your own natural voice contest calls. CO's etc. Your voice is stored in 
digital memory, ready to be played back at the touch ol a key The Digital Voice 
Keyer is not a tape recorder or robotic sounding synthesizer but a true lull fideli¬ 
ty natural voice rccord/playback system. 

The DVK-100. is a must lor the avid conlester and great audio accessory lor any 
Ham Shack 


> Superior natural voice qu.ilily 
» Micro- proccssn r controlled 

• 32 seconds ol messaue lime 

• PM/VOX operation 

• Dyrtamic/conrtensoi mic input 
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tin; sound ol the future is here lod.iy Contact your local Amateur Radio dealer or Nil lor 
luMhijr inlimiiiitirui 
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ing recorded. Meanwhile, memory is filled with line-grain 
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on disk. 
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board adjustable. 
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MULTIFAX will run on Ihe IBM ,V PC and IBM'" PC compati¬ 
ble computers having at least 320K ol memory 
Hard copies are obtained by using your Print Screen 
program. 

Data entry to Ihe computer is via its game port 

Price is $49.00 (US) lor MULTIFAX on disk with instructions 

and interlace circuit information, 

MULTIFAX was written by an author ot "WEFAX Pictures on 
Your IBM PC" published in Ihe June 1985 issue ol "QST" 

Elmer W. Schwittek, K2LAF 

429 N. Country Club Drive, Atlantis, FL 33462 



suggestions for FSK systems 

We can summarize this investigation of Amateur 
FSK spectra with a few suggestions and an invitation. 
One suggestion is that all Amateurs use continuous- 
phase FSK in their transmitter modulators. As amply 
demonstrated above, CPFSK causes much less inter¬ 
ference and occupies much less bandwidth than the 
discontinuous-phase waveform. Fortunately, many 
modern audio-shift modems already provide phase- 
continuous signals. Another suggestion is that 
Amateurs work on FSK demodulator designs which 
better match the spectral properties of the signal 
they're trying to receive. This will become increasingly 
important as bit rates continue to rise, whether in 
ASCII or in packet communications. Any spectral mis¬ 
match in demodulator filtering simply wastes the avail¬ 
able (and precious) signal power. 

A final suggestion is that Amateurs interested in 
spread spectrum communications look closely at the 
family of FSK signals as good candidates for a direct 
spreading waveform. System performance could sig¬ 
nificantly improve once the waveform's spectrum is 
matched to the spreading requirements. 

Much more could be said about Amateur FSK — 
in receiver and transmitter design, in error rate per¬ 
formance, and in application to new types of commu¬ 
nications systems. This simple binary keyed waveform 
carries with it several elegant and easily explored spec¬ 
tral properties, characteristics outlined in this article. 

I invite the Amateur community to investigate further 
and make their own fascinating discoveries and con¬ 
clusions. 
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TECHNIQUES Pa* ' 


MacGyver of the '30s— 
how Amateur ingenuity 
saved the day 

In many man-made and natural 
emergencies Amateur Radio has 
proven itself again and again. Here's 
the story of how Henry Jenkins, 
W7DIZ, responded when one of the 
heaviest storms of the 1930s hit the 
Oregon coast and blinded the Tilla¬ 
mook Rock lighthouse. 

The lighthouse, which protected 
coastal shipping from the dangerous 
shoals, was under the control of the 
Department of Commerce. The light 
atop its tower was perched 85 feet 
above the ocean. Power for the light, 
the radio, and the small dwelling of the 
lighthouse keeper was derived from a 
gas generator in the basement. 

The year is 1934; the month, 
October. . . . 

About 10p.m., October20, afresh 
southeast wind was blowing with light 
rain. During the night, the wind in¬ 
creased to gale force and changed to 
the southwest. About 3 a. m. the seas 
ran extremely high, swells hitting the 
base of the rock from the southwest 
with the spray coming over the rock. 

At 9:30 a.m. / was awakened with 
a sudden jar, completely covered with 
water. AH my clothes and bedding 
were soaked. The seas at this time 
were washing over the entire tower, 
pounding against the window shutters 
of my room. The window catch let go 
and the entire room was flooded. At 
this time the wind was blowing at an 
estimated 100 miles per hour, seas 
covering the lighthouse, carrying with 
it large rocks, debris, and fish which 
were smashed through the lantern 
plate glass — 85 feet above sea level 


— breaking 16 panes and flooding all 
quarters. In endeavoring to replace 
glass panes with emergency wooden 
panels, the Keeper's right hand was 
deeply cut. While assisting dressing his 
wound, / read the barometer, which 
was 28.92 inches, and dropping. Each 
time the tons of water would cover the 
building, coming down with terrific im¬ 
pact on the roof, the barometer would 
drop immediately to 28.72 inches, 
returning as soon as the impact was 
over. 

The impact from the water and 
rocks would occur about every three 
seconds. About 10:15 a.m. a terrific 
impact occurred and the tower and 
building were enveloped with giant 
seas. The large 80-foot derrick and tel¬ 
ephone cable to the mainland had 
been swept away. 

A 6-foot section of the west end of 
the rock was broken off and carried 
away, hurling rocks weighing as much 
as 50 pounds through the tower and 
to the roof, smashing shutters made 
of half-inch planking. All floors were 
flooded, breaking the piping and heat¬ 
ing system, thereby cutting off the 
heat, which was badly needed. We 
were soaked, sloshing in salt water, 
and extremely tired. The lantern and 
fog signal were inoperative. Both of 
these were greatly needed by 
mariners, and now we had no means 
of warning them of the rocks and 
shoals around the light. Finally, we 
were able to erect a crude, white light, 
which we hoped somebody could see. 
But what was needed was a means of 
informing the Superintendent on land 
of the damage and the fact that the 
light was useless. 

What was needed was a radio to 
communicate to land. Since the pow¬ 
er was out (and the government radio 


equipment had not yet been delivered 
and installed), it was up to me to do 
the job. A radio had to be built All that 
was at hand was a collection of parts 
from an old Atwater-Kent broadcast 
set, a few dry batteries and scraps of 
tinfoil, copper, and brass. 

When the storm abated a bit, 
W7DIZ went to work: /got two pieces 
of relatively dry wood. Not having any 
tube sockets, / drilled holes in each 
board to take a tube and with the aid 
of a gas torch, soldered leads on the 
tube prongs. 

On the transmitter board / placed a 
coil which / wound from wire taken 
from an audio transformer. The coil 
was wound on the cardboard case 
taken from a No. 6 dry cell / used 14 
turns. The tuning capacitor was sal¬ 
vaged from the old broadcast receiver. 
Capacitors were made of tinfoil and 
wax paper taken from a loaf of bread. 
Since no resistors were at hand, none 
were used. An rf choke was made 
from a broadcast coil by removing 100 
turns. This junk, when finally assem¬ 
bled, completed a TNT (tuned-not- 
tuned) oscillator, but had no grid con¬ 
denser or grid resistor. The batteries to 
power the transmitter were taken from 
the defunct telephone system. Eighty 
volts was available. For a key, I sim¬ 
ply broke the battery connection with 
my hand. Later, / found a piece of 
spring brass and made a hand key. The 
antenna consisted of 40 feet of sal¬ 
vaged wire from a broadcast coil. 

The receiver was next. For a coil, an 
old telephone receiver was used as the 
form and 45 turns of wire stolen from 
one of the broadcast coils was wound 
on the form. This made the grid coil. 
Twenty turns were added at one end 
for the plate coil. There was no con¬ 
denser available to control oscillation, 
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Photo A. After the terrible storm. W7DIZ rebuilt his "junk box" radio station. At left 
is the one-tube transmitter, with the copper tubing tank coil. In the center, in front 
of the tool box, is the one-tube receiver. A heavy brass hand key is positioned on the 
table near the transmitter. With this simple, home-made equipment, W7DIZ maintained 
schedules and kept the Tillamook light on the air, in the ham bands. 


so enough turns were put on the plate 
coil to keep the circuit oscillating at alt 
times. For the antenna series condens¬ 
er, two feet of insulated wire were 
twisted together. A tinfoil condenser 
was used for the grid condenser, hut 
there was no resistor for the grid leak. 

The tuning condenser was made 
from two brass plates removed from 
the door knob. One plate was screwed 
to the wood board and the other 
placed atop it, separated by a piece of 
waxed wrapping paper. Tuning was 
accomplished by shoving one plate 
over the other with a pencil. 

By cut-and-try, / finally heard signals 
in the 80-meter band. The first station 
heard was W7RT in Seattle. | Since 
most stations in those days were 
crystal-controlled and remained at one 
spot in the band, W7DIZ immediately 
knew where he was. — W6SAII 

I next heard W7CKX, a station rela¬ 
tively close to the light. / left the 
receiver tuned to that spot and tuned 
the makeshift transmitter to the same 
spot by listening to CKX with the 
transmitter running. Finally, about 6:30 
p.m. / called W7CXK. No response. 
But the station CXK was working — 
W7WR— told CXK that somebody 
was calling him! And the contact was 
made. I sent a message to the Superin¬ 


tendent of Lighthouses, advising him 
that the light was out of service, and 
that all shipping should be warned. 
W7CXK immediately sent the message 
via Western Union to the Superinten¬ 
dent in Seattle and within minutes the 
powerful Department of Commerce ra¬ 
dio stations up and down the Pacific 
Coast flashed the news that the Tilla¬ 
mook light was inoperative. 

And that's how Henry Jenkins, 
W7DIZ, succeeded in building an en¬ 
tire radio station from salvaged pieces 
of junk, put the rig into operation, and 
effected communication with other 
Amateur stations in an emergency of 
great import to the shipping lines along 
the western coast of the United 
States. 

Within the next few months the light 
was repaired and the Lighthouse Serv 
ice. seeing the need for radio commu¬ 
nications at the Tillamook light, 
provided a new, more powerful gener¬ 
ator and radiotelephone equipment. A 
lighted buoy was placed near the light. 
Jenkins rebuilt his ham gear (see 
Photo A), still using only a single tube 
in the transmitter and receiver. 

At one time, W7DIZ took a tele¬ 
phone microphone, connected it to the 
transmitter tank coil via a loop and 
made the little rig into a phone trans¬ 


mitter! W7CXK said the audio quality 
was excellent, provided Henry didn't 
move around very much! 

While the new radio equipment was 
being installed, W7WR and W7CXK 
were hired by the Lighthouse Service 
(at 50 cents an hour) to provide com¬ 
munication with the light, using the 
special calls KCBC-2 and KCBC-3. This 
lasted about four months, running 
three schedules a day. Many private 
messages to the families of the men on 
the isolated lighthouse were handled 
and, as W7CXK says, ’’Many hours 
were spent trying to keep the men 
from going stir-crazy on the rock. It is 
unbelievable what a few months of 
isolation out there could do to a per¬ 
son's mind." 

Eventually, the lighthouse came un¬ 
der the supervision of the Coast 
Guard. In the mid 1960s, the light was 
no longer required, so it was sold. But 
as recently as 1971, the buyers of the 
light had done nothing to it, and it 
looked much the same as ever. 

MacGyvers of the 80s? 

— a "make-do" hamfest 
event 

Does the "Make-do" spirit still 
exist in Amateur Radio? I like to think 
that it does. In this regard, I want to 
propose a "Make-do Event" at your 
next local hamfest or convention. 
Volunteer hams split up into three or 
four teams, three hams to a team. At 
hand is a large junk box full of old 
parts, perhaps a defunct TV set, and 
one or two old radios. Each team has 
a small number of appropiate tools - 
a screwdriver, wirecutters, and pliers 

- as well as a small collection of nuts, 
bolts, and woodscrews. 

Now the contest begins. It runs for 
a given period, say, three hours. The 
goal is to build, literally from junk, 
radio transmitters and receivers and to 
effect communication between two 
groups. The groups that get on the air 
and establish communication first are, 
of course, the winners. 

Details have to be worked out. Is it 
permissible to scavenge for wood or 
other chassis material? I vote yes. Can 
a soldering iron be used? I vote no. I 
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also vote that the transmitter be 
crystal-controlled, to keep all activity 
in the ham bands. Alternatively, a low- 
power “standard frequency" signal 
could be emitted by the managers of 
the contest so that contestants can 
"find the band." 

With a little thought, a viable and 
exciting contest can be created. I hope 
such a contest will prove that the spirit 
of "Make-do" still exists in Amateur 
Radio today. 

The original story of Henry Jenkins, 
W7DIZ, was told in the January, 1935 
issue of "Radio" magazine. Addition¬ 
al details of the incident were given to 
me in private correspondence from 
Henry Goetze, W7CXK, who was a 
witness and participant in the incident 
at Tillamook Rock. 
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PRACTICALLY SPEAKING ^ 


"function generator" 
circuits from your 
signal generator: part 1 

Many readers own sine wave or 
square wave generators, or can make 
them using simple circuits. In this ar¬ 
ticle, I'll show how to make a function 
generator out of simple audio signal 
generators. First, we'll look at making 
square waves out of sine waves, and 
then follow up with generating trian¬ 
gle and sawtooth waveforms. 

keeping the circuits stable 

In preparing this article I had to 
breadboard several circuits (integra¬ 
tors) to check out the principles 
presented. Ordinarily, common 741 
operational amplifiers are used for my 
casual projects because those devices 
are both low-cost and well-behaved. 
Unfortunately, their "well-behaved" 
quality is due to their unconditional 
stability; in other words, the frequen¬ 
cy response is rolled off so much that 
there's little chance of oscillation. That 
fact makes it §asy for the builder to be¬ 
come slack in such matters as power 
supply bypassing. The 741 will usual¬ 
ly operate normally with the power 
supply leads unbypassed, but op-amps 
with higher frequency responses (such 
as the CA-3140 BiMOS device, with its 
8-MHz gain-bandwidth product) will 
become unstable and oscillate if the 
power supply is unbypassed. 

Figure 1 shows the first circuit that 
I connected. Because the integrator 
circuits being checked are based on 
the inverting follower, I first connect¬ 
ed an inverting follower with a gain of 
1 (R1 = R2 = 470 k) to test the op- 
amp from my junk box and the bread¬ 
board connections. The idea was to 
then replace the appropriate resistors 


with the correct integrator compo¬ 
nents. When a 400-Hz sine wave sig¬ 
nal was applied to the input, the 
oscilloscope showed the waveform in 
fig. 2. Note the thickening of the 
trace; the fuzziness indicates oscilla¬ 
tion at high frequency. Expanding the 
trace demonstrated that the oscillation 
was at a frequency somewhat higher 
than 20 kHz. (fig. 3). 

The CA-3140 operational amplifier 
has a higher gain-bandwidth product 
than the older 741, and requires the 
bypass capacitors shown in fig. 4. 
When I connected those capacitors 




fig. 2. 400-Hz output with superimposed 
20-kHz oscillation. 


into the circuit, the oscilloscope 
showed the trace in fig. 5, which is the 
correct trace. Beware! Always follow 
good shop, lab, and design practices. 

square waves from 
sine waves 

Figure 6 illustrates a method of con¬ 
verting sine waves into square waves. 
The circuit is an operational amplifier 
connected as a comparator. Because 
the op-amp has no negative feedback 
path, the gain is very high; with typi¬ 
cal op-amps gains of from 20,000 to 
2,000,000. Thus, a voltage difference 
across the input terminals of only a few 
millivolts will saturate the outputs. 
From this behavior, we can understand 
the operation of the circuit and the 
waveform in fig. 6. 

The input waveform is a sine wave. 
Because the noninverting input is 
grounded, the output of the op-amp 
is zero only when the input signal vol¬ 
tage is also zero. When the sine wave 
is positive, the output signal will be at 
- Vo; when the sine wave is negative, 
the output signal will be at + Vo. The 
output signal will be a square wave at 
the sine wave frequency, with a peak- 
to-peak amplitude of 2Vo. An output 
level control, variable gain post¬ 
amplifier stage or an attenuator net¬ 
work can be used to reduce the signal 
to a usable level. 

Before we turn our attention to cir¬ 
cuits for generating other waveforms, 
let's investigate the topic of operation¬ 
al amplifier integrators. 

integrators 

Electronic integrators must find the 
time average of the input waveform. 
The simplest form of integrator is the 
resistor capacitor (RC) network shown 
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fig. 3. Expanded trace shows oscillation 
signal. 

in fig. 7. In this circuit, the output vol¬ 
tage change is related to the capaci¬ 
tor's rate of charge. The rate of 
increase in Vo depends upon the input 
voltage and the values of R and C. If 
you recognize the circuit as a low-pass 
filter, you are correct. The integrator 
also functions as an LPF with a roll-off 
of -6 dB/octave above the -3 dB 
knee frequency (1/6.28 RC). 

An active integrator is shown in fig. 
8. The active element is an operation¬ 
al amplifier, and it has a capacitor in 
the feedback network. This circuit is 
basically the inverting follower with the 
feedback resistor (R2) replaced by a 
capacitor. The transferequation of this 
circuit is given by the expression shown 
in fig. 8. In this expression, the 
resistance is in ohms, and the capac¬ 
itance is in farads. The term "a" is a 
constant that represents the initial 
charge on the capacitor, which could 
be zero. The constant factor - 1 indi¬ 
cates that the circuit is inverting, so a 
positive-going input voltage produces 
a negative-going output voltage, and 
vice versa. 

The gain of this circuit is - 1/RC. 
Keep in mind that with small values of 
R and C, this gain can be very, very 
high, with resulting problems for the 
designer. Consider this example: what 
is the gain of an inverting integrator in 
which R = 10 k and C = 100 pF? 

GAIN = - I/RC 
GAIN = - I/((10,000 ohms) x 
(100 x 10 12 farads)) 

GA IN = - 1/0,000001 
GAIN = - 1,000,000 
At a gain of 1,000,000 we find that 




fig. 5. "Cleaned up” waveform from correct¬ 
ed circuit. 

with a small error or dc offset in the 
input signal, the output will be tremen¬ 
dous. For example, suppose we have 
a 1-volt peak-to-peak sine wave that 
has a 10-mV dc offset (not very much). 
This dc offset will be integrated with 
a gain of 1,000,000 so that 10 mV be¬ 
comes (lOmV) x (1,000,000) = 10,000 
volts. Of course, the output of the op- 
amp is limited to about 10 or 12 volts, 
so the output will saturate quickly. The 
normal offset of a 741 will saturate the 
output of such an integrator so fast 
you'll think it's shorted! In general, the 
rule of thumb is to make the time cons¬ 
tant of the RC network long (i.e., 5X) 
relative to the period of the input 
signal. 

Figure 9 shows some common elec¬ 
tronic signals at the input and output 
of an electronic integrator. In each 
case, the upper trace is the input and 
the lower trace is the output. For the 


case of the sine wave shown in fig. 9, 
the output is phase-shifted 90 degrees 
to become a cosine wave. Thus, the 
output is in quadrature with respect to 
the input signal. Although only a few 
Amateur uses for quadrature signals 
exist, there are some, so an example 
is included. 

The integrator action on square 
waves is shown in fig. 10. Because the 
amplitude of a square wave is cons¬ 
tant, the integrator output will rise at 
a constant rate until the square wave 
drops low again. At that time, the 
slope of the output waveform changes 
and starts decreasing. Thus, the in¬ 
tegrator makes a triangle waveform 
out of a square wave. Incidentally, this 
technique is used in commercial func¬ 
tion generators to form triangle 
waveforms. 
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next month 


Step up 

to the world’s most- 
advanced antenna system! 

WITH NOT A SINGLE 
WATT WASTED IN LOSSY 
TRAPS! (There aren’t any!) 


Hams in over 50 DXCC count¬ 
ries have done so already! 



The DJ2UT-Multiband-Systems 
otter: 

- Maximum gain plus F/B 
ratio with low VSWR across 
each band 

- 2 kW CW output power 

- 10/15/20/(30) 40-meter 
bands with up to 7 band 
coverage inch WARC bands 
with self-supporting 
"TWIN-BOOM" and boom- 
legths from 8 to 20 ft 

- Air-core teflon dielectric coax- 
balun and stainless-steel 
hardware at no extra cost 

- traditional Blackforest crafts¬ 
manship 

The DJ2UT-MULTIBANDERS 
provide the superior full-size 
monoband-beam performance 
required during the present 
sunspot minimum. 

For further information contact: 



H.J. Theiler Corp. 

P.O. Box 5369 
Spartanburg, SC 29304 
(803) 576-5566 
or our distributor in Canada: 
Dollard’s Radio West 
P.O. Box 58236 
762 S.W. Marine Drive 
Vancouver, B.C. V6P 6E3 

Selected dealerships available. 


In part 2 we'll examine a practical in¬ 
tegrator circuit and some practical 
sawtooth generator circuits. 

more on flood damage 

After my column on flood damage 
appeared in ham radio (October, 1985, 
pqge 95), I used some of the same 
material, presented differently, in a ra¬ 
dio/TV repair trade magazine. One 
reader, a former Naval officer who had 
supervised electronics technicians on 
shipboard, endorsed my advice and 
added some of his own. 

He described an unusual manner of 
repairing salt water-soaked equipment. 
A sailor would take the damaged 
equipment into the shower and slosh 
it down thoroughly with warm water 
(distilled or softened water is preferred, 
though not always available). He’d 
then take the desalinated equipment to 
the galley and dry it out in the ovens 
with low heat and good air circulation. 

The retired officer also suggested 
cleaning equipment covered with oily 
dirt with a mixture of 8 to 10 ounces 
of household ammonia, 4 to 6 ounces 
of a cleaner such as Mr. Clean™ or 
Lysol,™ * 4 to 6 ounces of acetone (the 
ingredient in some fingernail polish 
removers), and enough distilled (or 
softened) water to make one gallon of 
solution. Dunk the equipment into this 
mess. (For larger equipment, propor¬ 
tionally larger amounts can be used.) 
He also recommended using an old 
Water Pik™ tooth-cleaning device to 
hose off equipment too large to dunk; 
the equipment is then dried in an oven 
set to 140 to 150 degrees F (note: 
some plastics used in Amateur equip¬ 
ment will melt at temperatures over 
130 degrees, so beware) for 4 to 5 
hours. All lubricants in switches, po¬ 
tentiometers, and air-variable capaci¬ 
tors must be replaced after this 
treatment. 

The black asphalt-like goop that 
oozes out of overheated transformers 


•Mixing ammonia with any cleaning product (such as 
chlorine bleach) that contains sodium hypochlorite 
produces chlorine gas. Always check the label of any 
household cleaner before combining with ammonia, 
and be sure ventilation is adequate. 
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fig. 7. Simplest form of integrator uses 
two components — a capacitor and a 
resistor. 



(i) lunswnr amt mu*' hr 
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fig. 8. An active integrator uses gain 
stage plus capacitor and resistor. 



fig. 9. Common input/output signals inte¬ 
grated—sine wave becomes cosine wave 
190-degree phase shift). 



fig. 10. Square waves become triangular 
waves. 

can be easily removed from chassis by 
using either freeze spray or a blast 
from a C0 2 fire extinguisher. (Use one 
that needs refilling; don't waste your 
fire protection on cleaning jobs.) The 
brittle, frozen goop can be flaked off 
using a dental tool or soldering tool. 

ham radio 
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VHF'UHF WORLD 


a high-gain 70-cm Yagi 

The Yagi is surely the king of 
antennas below 450 MHz. There have 
been tremendous strides in Yagi 
design in the past decade; they 
include, but are not limited to, 
increased gain per unit of boom 
length, very long boomlength designs 
(5 to 20 wavelengths), improved side- 
lobe patterns, wide bandwidth, and 
improved front-to-back ratios. 

Last May's VHF/UHF World sum¬ 
marized many of the facts and fallacies 
about Yagi design. It also described 
some of the history associated with 
Yagi design and presented data on 
approximate gain and boom correction 
factors. That column 1 should be 
reviewed before reading this month's. 

That column also mentioned using 
computers to optimize Yagi designs. 
Understandably, many Amateurs have 
neither the specific expertise nor the 
computer capabilities needed to design 
their own Yagis. These Amateurs pre¬ 
fer either to purchase commercial 
antennas or build a tried and proven 
design. The latter is the subject of this 
month's column. 

metamorphosis of a 70-cm 
long Yagi 

In the mid-1970s I became interested 
in designing a long Yagi to replace my 
extended expanded collinear. 2 The 
NBS 4.2-wavelength Yagi was used on 
tropo and EME, but more gain per 
antenna was still desired. 3 Proven 
designs with high gain were lacking 
and I didn't have the time to "roll my 
own" design. 

In 1977, Gunter Hoch, DL6WU, 
published an article on long boom 
Yagis, but I didn't give it much thought 
at the time. 4 However, in 1981, deter¬ 


mined to beat the NBS designs, I 
decided to see if Hoch's claims were 
valid. The day before leaving for Sioux 
Falls, South Dakota, to attend the 
Central States VHF Conference, I built 
and partially tested a hurriedly- 
designed 28-element, 21-foot boom, 
432-MHz model. 

The reaction of other participants in 
the antenna measuring contest was as 
expected; "What's W1JR trying to 
prove now?" "Will it work?" "What a 
monster!" But it pinned the test meter 
in the antenna measuring contest. 
Tension mounted as this design beat 
all other entrants by almost 2 dB! The 
topic of conversation quickly changed 
from "Will it work?" to "How can I get 
a copy of the dimensions?" 

In this particular design, docu¬ 
mented in reference 5, elements were 
placed through the boom using ohmic 
contact with NBS boom corrections. 3 
The boom was made from a 21-foot 
length of 3/4-inch square aluminum 
left over from a previous project. 
Several Amateurs quickly duplicated 
the design with great success. Other 
Amateurs used four of these Yagis 
successfully on 70-cm EME. Perfor¬ 
mance seemed to equal that of eight 
of the then-popular shorter boom- 
length designs, but with far less feed 
system loss and complexity. 

When DL6WU updated his design, 6 
I decided to use the new information 
to build an improved model, particu¬ 
larly in terms of improving the mechan¬ 
ical design. I wanted insulated 
through-the-boom elements because 
they're easier to work with and don't 
require set screws to get good ohmic 
contact to the boom. 

With the help of the new electrical 
design information, I built a 21- and a 


24-foot boom model using a 1-inch 
square boom. The boom corrections 
for insulated through-the-boom mount¬ 
ings had been determined earlier on a 
similar antenna design. The larger 
boom was much stronger than the pre¬ 
vious design and easier to build 
because it didn't require all the drilling 
and tapping. 7 

These new designs had higher gain 
and an even cleaner pattern than the 
previous models. Closer observation 
showed that in addition to slightly 
higher gain on the 24-foot model 
(which was as expected), this model 
also had a better front-to-back ratio. 
Had the sought-after long Yagi 
antenna design at last been found? 

further development 

Just about this time computer-aided 
Yagi design programs became availa¬ 
ble. 9 Stan Jaffin, WB3BGU, and Steve 
Powlishen, K1FO, wasted no time in 
trying to see if this Yagi had all the gain 
seen on the antenna ranges. It did, but 
they noticed that the sidelobes, while 
as good as other moderate-to-long 
Yagi designs, weren't as good as re¬ 
quired for EME. The antenna also ap¬ 
peared to be tuned higher in frequency 
than desired. Additional range testing 
seemed to show that the sidelobes, 
while not down as far as desired (16 
to 18 dB below the main beam), were 
also not as poor as the antenna 
program indicated. 

Then the MININEC program was 
obtained and tried by several antenna 
designers. Voila! Using this program 
and modeling with eight segments for 
each element, the computer generat¬ 
ed patterns that were amazingly close 
to those measured in actual tests. 

The pattern of the original 24-foot 
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Yagi shown in fig. 1, using data from 
MININEC, seems to very accurately 
predict the pattern and gain measured 
on an antenna range. Gain was calcu¬ 
lated to be approximately 19.15 dBi 
with the first sidelobes at 15 and 14 dB 
in the E and H planes, respectively. 
Gain on the test range was just above 
19 dBi or very close to the predicted 
value. 

Although I still wasn't happy with 
the pattern, I didn't have a suitable 
program or computer with which 
I could try to improve the perfor¬ 
mance. Because he was designing a 
new EME array for NCI I, 10 Steve 
Powlishen, K1FO, was quite interest¬ 
ed in the problem. He tried one of his 
automatic optimization routines on my 
31-element design, and after many 
hours of computer time, found that the 
first and the last few directors were too 
short. When these directors were 
lengthened slightly, the gain increased 
about 0.25 dB, but the pattern im¬ 
proved considerably with the sidelobes 
in the E and H plane at approximately 
18 and 17 dB, respectively. 


Just prior to the 12th annual Eastern 
VHF/UHF Conference in May 1986, I 
built the new model. At the antenna 
measuring party at this conference, 
the gain was indeed near the predict¬ 
ed value, 19.4 dBi. However, what 
was even more comforting was that 
the first sidelobes in the E plane were 
nearly 18 dB down, right where the 
computer had predicted they would 
be. At last, the "almost perfect" long 
Yagi was working near the theoretical¬ 
ly highest possible gain.’ 

I obtained my own version of 
MININEC and now have it running 
on a large computer. The plots com¬ 
puted for the optimized 24-foot boom 
Yagi seem to match the measured pat¬ 
tern closely. Because I can't measure 
H-plane radiation patterns convenient¬ 
ly, it's quite valuable to have the com¬ 
puter do the pattern work for me. 
Fig ure 2 shows the computer- 
predicted patterns for the optimized 
Yagi. 

other considerations 

Recent tests by many Yagi builders 


have debunked the theory that long 
Yagi antenna designs are very critical.’ 
In fact, if there is a sufficient number 
of directors and the original design is 
duplicated correctly, the opposite may 
be true. The 1-dB bandwidth may be 
very large, exceeding 1.5 to 2 percent. 

Furthermore, weather conditions 
such as rain, ice, and snow tend to de¬ 
tune the frequency downwards be¬ 
cause the elements become larger in 
diameter. During extreme icing condi¬ 
tions in past years, I've actually seen 
the gain of some of the popular Yagi 
antennas drop almost to zero dB while 
the antenna actually had more gain off 
the rear than off the front! 

Therefore, it's best to design a Yagi 
to a slightly higher frequency than the 
desired operating frequency; 0.7 to 1 
percent (3 to 4 MHz at 432 MHz) 
seems to be a good compromise. Also 
remember that most Yagi antennas 
show a gain characteristic similar to 
that of a lowpass filter. That is, they 
tend to roll off more slowly in gain as 
frequency decreases but roll off very 
rapidly above the design frequency. If 
the elements are a little shorter than 
optimum, the gain will be decreased by 
only a few tenths of a dB at most and 
the pattern may actually improve at the 
operating frequency. 

high-gain Yagi construction 

Figure 3 shows the mechanical de¬ 
tails of my latest high-gain 432 MHz 
Yagi described above. It was original¬ 
ly patterned after the DL6WU model 
using his recommended element spac- 
ings. 6 However, the element lengths 
shown have been computer-optimized 
by K1FO. The computer pattern is as 
shown in fig. 2. Four of these Yagis 
will do very well on EME and eight will 
be approximately equivalent to 16 of 
the typical 12- to 15-foot models 
presently in use. 

The boom uses 1-inch square stock 
with 0.062-inch wall thickness since 
this is easier to drill and has the equiva¬ 
lent strength of much larger diameter 
round tubing. Round tubing 1 inch in 
diameter can be substituted if neces¬ 
sary, but it will be more difficult to drill 
properly in a home workshop and its 
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fig. 2. The radiation pattern of the computer-enhanced 24-foot boom. 432-MHz Yagi. 
Note that the E plane is on the right-hand side of the plot and that its first sidelobe 
is approximately 18 dB below the main beam. The H plane is on the left-hand side of 
the plot and its first sidelobe is approximately 17 dB below the main beam. Also note 
that the magnitude of the sidelobes on both the E and H planes are 3 dB lower than 
those of the original Yagi shown in fig. 1. Gain is slightly higher at approximately 19.4 dBi. 


strength will be less than that of a 
square boom of comparable diameter. 

The boom was chosen to be 24 feet 
long (10.5 wavelengths) because at 
this length the DL6WU Yagis have 
good gain and a naturally high front- 
to-back ratio, as discussed in reference 
1. Also, 24 feet is a standard length of 
square tubing in the United States and 
Canada. (21 feet, 1 inch is also a stan¬ 
dard length in the United States and 
can be used by joining with an addi¬ 
tional 3-foot section if desired.) 

The elements are all made from 
3/16-inch diameter aluminum rod and 
are insulated from the boom as dis¬ 
cussed earlier. Elements should have 
about a 0.032-inch bevel (easily ac¬ 
complished with a file) at the end of 
the elements instead of a straight cut. 
Also, all elements should be held in 
place with "keepers." If the electrical 
performance is to be retained, it's im¬ 
portant to use this mounting method 
because this design has a built-in 
boom correction factor unique to this 
particular model. Some Amateurs 


have used teflon inserts that don't re¬ 
quire the keepers.” Although these are 
satisfactory, they may require a differ¬ 
ent boom correction factor that I 
haven't yet determined. 

K9KFR and K3IPW* can each sup¬ 
ply the proper insulators and gal¬ 
vanized keepers. Galvanized keepers 
are adequate, but tend to rust out af¬ 
ter extended exposure to moisture. 
Despite the increased cost, I prefer 
stainless steel keepers for long-term 
performance. The model 6100-18 re¬ 
taining ring from Industrial Retaining 
Ring Company is the type I use, but 
other suppliers may have suitable 
equivalents. “* 

The feed system uses a "T" match 
because it's well balanced, easy to ad¬ 
just, and very efficient. A 4:1 balun us¬ 
ing semi-rigid 0.141-type coax,’ 2 
patterned after one of my previous 


’Bob Johnson, K9KFR, RR4, Road 600N, Columbia 
City, Indiana 46725: Tom Rutland. K3IPW, 1703 War 
ren Street, New Cumberland. Pennsylvania 17070. 
“Industrial Retaining Ring Company, 57 Cordier 
Street, Irvington, Mew Jersey 07111. 
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Our . 
guaranteed 
savings plan. 


Fluke70 Series Anaiog/Digital multi¬ 
meters are like money in the bank. Buy 

one, and you're guaranteed to save both lime 
and money. 

Money, because you gel longer battery life 
and longer warranty coverage — 3 years vs. 

1 year or less on others. 

And lime, because 70 Series meters are 
easier to operate and have more automatic 
measurement lealures. 

So before buying any meter, look beyond the 
slicker price. And lake a closer look al the new 
low-priced $79 Fluke 73, the $99 Fluke 75, and 
the deluxe $139 Fluke 77 . In Ihe long run, Ihey'll 
cost less, and give higher performance, loo. 

And that, you can bank on. 

For a Iree brochure, and your nearest distrib¬ 
utor, call loll-lree 1-800-227-3800, ext. 229. 

FROM THE WORLD LEADER 

IN DIGITAL MULTIMETERS. 


IFLUKEI 

■ — . ■ © 


©1985 Fluke 
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DRIVEN ELEMENT ASSEMBLY ISEE NOTE 31 


- 1/2"02.7mm) WIDE STRAP 
2 PLACES 


1/4” (6.35mm) WIDE 
STRAP (SEE TEXT)- 


SEE NOTE 3 V_/v 


o o 


-TYPE UG2I COAX CONNECTOR 


OtRECTOR/REFLECTOR MOUNTING 



INSULATOR (64 PLACES) 


fig. 3. The construction of the high-performance, 31-element. 432-MHz, 24-foot boom long Yagi described in the text and plotted 
in fig. 2. Any deviations from the construction details, dimensions, or the materials specified may decrease performance unless prop¬ 
er compensations are made. 


designs, is also used, ft's very impor- 
tant that a wide (0.25-inch) strap be 
placed between the center pin on the 
coax connector and the one side of the 
balun if the balance of the feed system 
is to be retained. 

All dimensions shown in fig. 3 
should be copied as closely as possi¬ 
ble if performance is to be duplicated. 
Changing the boom diameter, mount¬ 
ing methods, or element diameter will 
require the entire design to be modi¬ 
fied’ accordingly and performance can 
no longer be guaranteed. 

This long Yagi will have about 3 
inches of sag if constructed from the 
materials shown. While lack of boom 
support will only slightly decrease gain. 


the mechanical strength will suffer 
with wind or ice loading. Therefore, I 
recommend that you support the 
boom by using either Phyllistran™ or 
equivalent cable or truss the boom 
with two pieces of aluminum tubing at 
least 6 to 8 feet long. 

stacking recommendations 

This particular design should stack 
very well. Beamwidth is approximately 
20 to 22 degrees in both the E and H 
planes. The sidelobes are low (17 to 18 
dB below the main beam). Therefore 
the maximum stacking distance (as 
calculated per reference 13) should be 
approximately 2.7 wavelengths (74 
inches) in the E plane and 2.6 


wavelengths (71 inches) in the H 
plane, but isn't that critical. 

For optimum stacking results the 
phasing lines should be made from 
low-loss coaxial cable’ 2 , be as short as 
possible, and be cut in odd multiples 
of quarter wavelength 14 . Recom¬ 
mended feeding configurations are 
described in reference 14. The esti¬ 
mated gain of four of these Yagis 
properly stacked is 24 to 24.5 dBi, or 
approximately equivalent to a 16-foot 
diameter parabolic dish. 

summary 

Long boomlength Yagi antennas are 
now a reality without compromising 
gain or sidelobe levels. Although bet- 
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Ipart of fig. 3) 


Element 

Length in 

Spacing in inches 


inches (Note 11 

(Notes 1 & 2) 

Reflector 

13.858 

0.000 

Driven Element 

13.500 

5.000 

Director 1 

12.795 

6.913 

Director 2 

12.362 

11.830 

Director 3 

12.126 

17.732 

Director 4 

12.008 

24.617 

Director 5 

11.890 

32.294 

Director 6 

11.654 

40.573 

Director 7 

11.535 

49.234 

Director 8 

11.496 

58.277 

Director 9 

11.378 

67.731 

Director 10 

11.260 

77.567 

Director 11 

11.221 

87.812 

Director 12 

11.221 

98.249 

Director 13 

11.181 

108.877 

Director 14 

11.102 

119.697 

Director 15 

11.063 

130.707 

Director 16 

11.023 

141.718 

Director 17 

11.023 

152.729 

Director 18 

10.984 

163.739 

Director 19 

10.906 

174.750 

Director 20 

10.748 

185.761 

Director 21 

10.630 

196.771 

Director 22 

10.630 

207.782 

Director 23 

10.630 

218.793 

Director 24 

10.551 

229.803 

Director 25 

10.551 

240.814 

Director 26 

10.551 

251.825 

Director 27 

10.472 

262.835 

Director 28 

10.472 

273.846 

Director 29 

10.472 

284.857 


Note 1: All lengths are given in inches to 0.001 inch. For best performance, tolerances 
should be kept to +0.04 inches maximum, with +0.02 inches preferred. 

Note 2: All spacings are referenced from the reflector to prevent tolerance buildup. 
It is suggested that you first mark off the reflector position about 1.0 inches from the 
rear of the boom. Then measure all the spacings from this reference point as shown 
in the table. 


MOSLEY...A Better Antenna... 

For New and Old 

•EASY ASSEMBLY *2 YEAH WARRANTY 

•NO MEASURING 'LOW SWR 

•ALL STAINLESS HARDWARE "BUILT TO LAST 



Whether you are |ust starling out or trying to 
complete the Honor Roll Mosley otters a Full 
Line ot tri-Banders which will mechanically amt 
electronically oulperlorm Ihe competition For 
rhe new nam with limited space and pocket 
nook, slarl with our TA-31 Jr rotatable dipole 
You can make our TA-31 Jr mlo a 2 or 3 element 
as your needs increase 

II you start wilh Ihe need lo run higher power 
then Ihe TA 31 is tor you This also can he made 
mlo a 2 or 3 element beam as you expand your 
station _ 



For the ham mat wants a llllle more perlorrnanco 
out ol a Tri-Bander bill Is limilod In room then 
our CL-33 on a 18 tool boom is Ihe way lo go 
For those mat want MONO BAND performance 
out ol a Tri-Bander want lo hear belter, and be 
louder. Ihe CL-36-is lor you 



For the ham that wants lo start right al Ihe lop. 
Ihe PRO-57 is Ihe amenna that will give you king 
ol Ihe hill performance. II Is the broadest banded, 
highest power, best performing Multi-Bander In 
our line. PRO-57 (10.12.15. 18 ,20) also availa¬ 
ble: PRO-67 (10. 12. 15. 18. 20 8 40) 

Compare ours before buying any other anlenna 
All stainless standard, all heavy telescoping 
aluminum elements which means belter quality 
amt no measurement Ease ol assembly gives 
you a quality anlenna with consistent perfor¬ 
mance Our elements are pre-drillod so you will 
gel Ihe same performance as we do All ol our 
Tri-Banders come with a 2 year warranty 
II you are a new ham and are nor familiar wdh 
MOSLEY ask an older ham about us or call Ihe 
PRESIDENT ol MOSLEY He will be glad 10 ex¬ 
plain why MOSLEY is A BETTER ANIENNA 

These and other MOSLEY producls are available 
through your lavorile DEALER Or write or call 
MOSLEY lor ihe DEALER nearest you 



1344 BAUR BLVD ST LOUIS MISSOURI 63132 
1-314-994-7672 1-800-325-4016 


ter designs may be forthcoming, they 
won't significantly increase the gain or 
decrease the sidelobe levels of this 
design if the boomlength is kept the 
same. 

Properly designed and constructed 
Yagi antennas offer very high gain 
without the windload of a parabolic 
dish offering comparable gain. In fact, 
backyard 70-cm EME operation with 
four of these Yagis is now possible 
without arousing your neighbor's sus¬ 
picion! 

The antenna described in this 
month's column is a real performer. 
Easily duplicated by any interested 
Amateur, its cost is moderate, espe- 
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dally if local Amateurs join together to 
buy the materials in quantity. Just 
think of the satisfaction you'll have in 
building your own high gain antenna 
system! 
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new records 

At the end of last month's column I al¬ 
luded to a new 23-cm (1296 MHz) DX 
record. Since then I have been able to 
verify that a new record was indeed es¬ 
tablished on August 13, 1986, when 
WB6NMT, in San Diego, had a two- 
way SSB QSO with KH6HME, who 
was operating from the side of Mau- 
na Loa on the island of Hawaii. This 
extends the 23-cm DX record world¬ 
wide to 2528 miles. Congratulations to 
Louis and Paul. 
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Important VHF/UHF Events: 


December 2 

EME perigee 

December 13 

Predicted, peak ot the 
Geminids meteor shower, 

1250 urc 

December 21 

Winter peak ot sporadic E 

( ± 1 month) 

propagation 

December 22 

Predicted peak ot the 
Ursids meteor shower, 

0400 UTC 

December 30 

EME perigee 

January 3 

Predicted peak ot the 
Quadrantids meteor 
shower, 1830 UTC 

January 10/12 

A PPL VHF Sweepstakes 
Contest 

January 28 

EME perigee 
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Measure Up With Coaxial Dynamics. 

...Model 83500 
Digital Wattmeter 


The "Generation Gap” is tilled with the 
"new" EXPEDITOR, the microprocessor 
based R.F. AnaDigit System. 

The EXPEDITOR power computer 
make the demands, it (ills the 
requirements. 

• Programmable forward AND 
retlected power ranges. 

• Can be used with the elements 
you now have. 

• Compatible with all Coaxial 
Dynamics line sizes and power 
ranges. 

• 18 scales from lOOmW to 50kW. 



...Model 83000A RF Peak 



Reading Wattmeter 


Take a PEAK with Coaxial Dynamics "NEW" 
Model 83000A, designed lo measure both 
FWD/RFL power in CW and FM systems 
simply and quickly. Then with a "FLIP" ot a 
switch, measure "PEAK POWER” in most 
AM, SSB, or pulse systems. Our Model 
83000A features a complete selection ol 
plug-in-elements plus our two year warranty. 
This makes the Model 83000A an 
investment worth looking al. So go ahead, 
lake a "PEAK", you'll like "WATT" 
you see! 

Contact us for your nearest authorized 
Coaxial Dynamics representative or dis¬ 
tributor in our world-wide sales nelwork. 


COAXIAL 

DYNAMICS, 

INC. 


15210 Industrial Parkway • Cleveland, Ohio 44135 
216-267-2233 • 1-800-COAXIAL Telex: 98-0630 
Represenlative: Joe Swanson, S & O Sales Corp. 

3744 Tanager Dr, • Cedar Rapids, IA 52402 • (319) 393-1845 • TWX 910-525-1317 


Service and Dependability... a Part of Every Product 


ENCODERS 

THAT LIGHT 

An ultra high quality Touch*Tono* Encoder tor absolute reliability 
and function. Incandescent illumination Is a 
feature that makes night operation easy. 

• Completely self contained • Simple 3 
wire connection • Reloy or solid state 
PTT output • Crystal controlled • 

Sounder • Wide voltoge range 9*16 
VOC • Wide temp, range ~22* to 
+160*F * Easy level & timing adjust¬ 
ment • Supplied with Instructions, 
schematic, template and hardware. 

PP*5 $60 PP-5-K SPST ADJ. RELAY $67 
PP-5-V $60 PP-5-V-K SPST AD4, RELAY $67 



PP-5 

PP-5-K 


PP*5*V PP-5*V*K 
CALL OR 
WRITE FOR 
FREE CATALOG 
& INFORMATION 
GUIDE. 


<pipo qgommunications* 

Emphasis is on Quality & Reliability 


P.O. Box 2020 
Pollock Pines, CA 95726 
(916) 644-5444 
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rewinding transformers 

with CAD 


Let your computer 
design your next 
power transformer 

Ever have a project that made you feel frustrated, 
yet pleased? Aggravated, but delighted? Unless you've 
had plenty of experience, all of these emotions will 
arise the first time you try to rewind a transformer. 

Rewinding a transformer by hand is practical if the 
transformer's output voltages are below 300 to 400 
volts. Winding for voltages below 50 is safe and more 
suitable than winding for voltages above 500, which 
creates a series of circumstances not addressed by this 
article. High-voltage transformers should be wound 
only by those with previous experience. 

Although rewinding transformers presents an in¬ 
teresting challenge, books and magazines rarely offer 
sufficient information on the subject. The computer 
program included here (fig. 1), however, should help. 

selecting core material 

Before any winding project can begin, core materi¬ 
al must be selected. This can be a problem, since new 
core material is usually not available in quantities of 
less than 85 pounds.* One pound or less is usually 
sufficient for most homebrewed transformer projects. 

Core material is rated according to type, thickness, 
tongue width, and the number of flux lines it will sup¬ 
port. Soft iron (usually silicon steel) is most commonly 
used for power transformers because of its lower mag¬ 
netic retentivity. ("Lower retentivity" means that the 
material retains very little magnetizing orientation af¬ 
ter the magnetizing force — i.e., the primary input 
power — is removed.) 

The number of magnetic flux lines per unit area 
represents the magnetizing force. Flux ratings are typi- 


*Ram Sales, 14823 Aetna, Van Nuys, California 91411, sells 29-M6 silicon 
steel lamination material in one-pound increments. Tongue widths available: 
3/8, 1 12. 5/8, 3/4, 7/8, 1, and 1 -3/4 inches. Prices range from $1.50 to $3.60 
per pound. 


cally given in kilogauss (BM) per square centimeter. 
(If given in inches, the rating would be in kilolines per 
square inch.) The flux density of silicon steel typically 
ranges from 12,000 to 20,000 lines per square centi¬ 
meter. A flux density rating for a used core from a 
power transformer could safely be placed at about 
15,000 kilogauss for calculations. 

Core material should be thin to keep eddy currents 
to a minimum. Eddy currents are currents induced into 
the metal core material, causing a residual leakage cur¬ 
rent to flow in the primary winding. A changing mag¬ 
netic field around the core material, which is a 
conductor, will induce a voltage into the core, caus¬ 
ing a current to flow if there is a closed circuit path. 
Making the material thinner and insulating its surface 
increases the resistance to eddy current flow. The use 
of E and I cut material takes advantage of the higher 
resistance path in addition to making it easier to in¬ 
stall the laminations into the finished coil. Transform¬ 
er efficiency is increased by reducing the power lost 
to eddy-current core heating. Power lost in the core 
is power drawn from the source but not delivered to 
the load. 

Core material is usually measured along the tongue, 
or center leg or element of an "E." Tongue widths vary 
from about 1/8 to 4 inches. 

The application and amount of transformer power 
dictate the core size to use. Data specific to a 
manufacturer's core material must be obtained from 
the appropriate data sheet. Table 1 shows a compar¬ 
ison of typical core data as a function of tongue width. 
The data listed represents M6 silicon steel lamination 
0.014-inch thick in an interleaved square stack. The 
volt-ampere (VA) rating indicates the amount of power 
the core can handle in a square stack. (In a square 
stack, core height is equal to tongue width.) Core area 
(AC) in the table is the numerical square of the tongue 
width. The remaining values of core loss (CL), cop¬ 
per regulation (CR), and copper loss (RC) were de¬ 
veloped in parallel with the VA and tongue width 
values to support the computer program calculations. 

By Hugh Wells, W6WTU, 1411 18th Street, 
Manhattan Beach, California 90266 
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fig. 1. Power transformer design program. 

(For enlarged copy of program, send SASE to 
ham radio, Greenville, NH 03048.) 

JO REN POWER TRANSFORMER DESIGN DATA 
20 REH DEVELOPED BY HUGH WELLS DEC 1985 
30 BN-14.4:REM FLUX DENSITY IN XILOCAUSS 
40 REH 
30 GOTO 720 
60 REH WIRE TABLE 

70 IF CH<-8 THEN WS-4I:TI-250:SF-0.85:RETURN 
80 IF CM<-I0 THEN WS-40:TI-239:SF-0.86:RETURN 
90 IF CMC-12 THEN WS-39:TI-215:SF-0.86:RETURN 
100 IF CM<-16 THEN VS-38:TI-193:SF-0.87:RETURN 
110 IF CM<-20 THEN VS-37:TI-170:SF-0.87:RETURN 
120 IF CM<-25 THEN VS-36:TI-155:SF-0.87:RETURN 
130 IF CM<-31 THEN WS-35:7I* 140 :SF-0.88:RETURN 
140 IF CM<-40 THEN WS-34:Tl-124:SF-0.88:RETURN 
ISO IF CN<-50 THEN WS-33:TU110:SF-0.88:RETURN 
160 IF CMC-64 THEN WS-32:TI-98:SF-0.88:RETURN 
170 IF CM<-80 THEN WS- 3 l : TU88: SF-0.88: R ETURN 
ISO IF CH<- J 00 THEM WS. 30.- TI-80: SF-O. 89 : R ETUR N 
190 IF CNC-128 THEN WS-29:TI-7l:SF-O.89:RETURN 
200 IF CN<-160 THEN WS-28:TI-64:SF-O.89sRETURN 
210 IF CM<-202 THEN WS-27:Tl-57:SF-0.89:RETURN 
220 IF CM<«253 THEN WS-26:Tl-52:SF-0.89:RETURN 
230 IF CMC.320 THEN WS-25:TI-47:SF-0.9:RETURN 
240 IF CMC-404 THEN WS-24:TI-42:SF-0.9:RETURN 
250 IF CMC-511 THEN WS-23:TI-37:SF-O.9:RETURN 
260 IF CHC-640 THEN WS-22 :TI-33:SF-0.9:RETURN 
270 IF CMC-812 THEN WS-21:Tl.30.SF-O.9:RETURN 
280 IF CMC-1020 THEN WS-20:Tl-2‘:SF-0.9:RETURN 
290 IF CMC-1290 THEN WS-19:TJ-23:SF-0.9:RETURN 
300 IF CMC-1620 THEN WS-18:Tl-21:SF-O.9:RETURN 
310 IF CMC-2050 THEN WS-17:TI-19:SF-O.9:RETURN 
320 IF CMC-2580 THEN WS-16:TI- 17jSF-0.9:RETURN 
330 IF CHc-3260 THEN WS-L5:TI-1 5:SF-0.9:RETURN 
340 IF CMC-4110 THEN WS-1 4:T I-13:SF-0.9:RETURN 
350 IF CMC-5178 THEN WS-13:TI-12:SF-O.9:RETURN 
360 IF CM<-6530 THEN WS-12:Tl-10:SF-0.9:RETU*N 
370 IF CMC-8234 THEN WS-11:TI-9:SF-O.9:RETURN 
380 IF CMC-10380 THEN WS-10:TI-8:SF-0.9:RETURN 
390 IF CMC-13100 THEN WS-9:Tl-7:SF-O.9:RETURN 
400 IF CM>l3100 THEN WS-0:RETURN 
410 REM CORE RATINGS 

420 IF A<-0.02 THEN AC-0.016:VA-O.02:AW-O.03:CL-0.01:CR-98:RC-220:RETURN 

430 IF A <-0.04 THEN AC-0. 035: VA-O. 08 s AW-O. 05: CL-0.02: CR-9 7 SC- I 29: RETURN 

440 IF ac-0.07 THEN AC-0.063;VA-O,2:AW-O.12:CL-0.05:CR-96:RC-60:RETURN 

450 IF AC-0.15 THEN AC-0.14l;VA-O.9:AW-O.17:CL-0.2:CR-95:RC-50:RETURN 

460 IF AC-0.27 THEN AC-0.25;VA-3:AW-O.19:CL-0.3:CR-75:RC-44:RETURN 

470 IF AC-0.33 THEN AC-0.32:VA-4.5:AW-O.24:CL«0,4 ; CR-62:RC-39:RETURN 

480 IP Ac-0.4 THEN AC-0.39:VA-7:AW-O.29:CL-0.6:CR-52:RC-35:RETURN 

490 IP AC-0.5 THEN AC-0.47:VA-10:AW-O.35:CL-0.8:CR-44:RC-32:RETURN 

500 IF AC-0.6 THEN AC-0.56:VA-14:AW-O.42:CL-1:CR-30:RC-26:RETURN 

510 IF AC-0.8 THEN AC-0.77:VA-25:AW-O.57:CL-1.6:CR-20:RC-22:RETURN 

520 IF AC-1.1 THEN AC-1:VA-40:AW-O.75:CL-2.3:CR-l5:RC-19.8:RETURN 

530 IP AC-1.3 THEN AC-1.27:Va-60:AW-0.95:CL-3.4;CR-11.5:RC-15.7:RETURN 

540 IP AC-1.6 THEN AC-1.56:VA-100:AW-1.17:CL-4.7:CR-10:RC-14.2:RETURN 

550 IF AC-2 THEN AC-1.89:VA-150:AW-1.42:CL-6.8:CR-6.5:RC-11:RETURN 

560 IP AC-2.3 THEN AC-2.25:VA-200:AW.1.69:CL-8.1:CR-6:RC-10:RETURN 

570 IF AC-3.1 THEN AC-3.06:VA-350:AW-2.3:CL-15.9;CR-5:RC-9.5:RETURN 

580 IF AC-4.6 THEN AC-4,5:Va-700:AW-3.8 7:CL-23.1:CR-3.5:RC-6.4:RETURN 

590 IF AC-5.1 THEN AC-5.06;VA-1000:AW-4.4:CL-27.6:CR-3:RC-5.7:RETURN 

600 IF A<-6.3 THEN AC-6.2 5: VA-1 500: AW-4.69 :CL-37.2:CR-2.6: RC-5, 1 .* RETURN 

610 IF A>7 THEN PRINT "CORE IS TOO LARGE FOR THIS PROGRAM":END 

620 REM CALCULATE WINDOW/LATER DATA 

630 HA-SQR(AW/3.5):REH CALC WINDOW HEIGHT 

640 WB-3.5*HA:REM CALC WINDOW WIDTH 

650 HA-INTI HA*1000+0.5)/1000 

660 WB-1 NT(WB*1000+0.5)/IOOO 

670 ?L-WB*T1*SF:REM CALC # TURNS PER LAYER 

680 TL-INTITL-O.5) 

690 LA-NN/TL:REM CALC I LAYERS 
700 LA-INTI LA*10)/10 
710 RETURN 

720 PRINT CHR$<125)sREN CLEAR SCREEN/HOHE 

730 PRINT :PR I NT iPRINT " POWER TRANSFORMER DESIGN DATA" 

740 PRINT :PR I NT "ENTER THE VALUES AS REQUESTED-" 

750 PRINT :PR I NT "CORE TONGUE DIMENSIONS IN INCHES 

760 PRINT " TONGUE WIDTH "jjINPUT W 

770 PRINT " HEIGHT INPUT H 

780 PRINT :PRINT "ENTER PRIMARY VOLTAGE "::INPUT EP 

790 PRINT iPRINT "ASSUMING A SINGLE SECONDARY WINDINC." 

800 PRINT "ENTER THE DESIRED OUTPUT VOLTAGE"::TNPUT ES 

805 IF ES> 300 THEN PRINT :PRINT "CAUTION: HIGH VOLTACE IS DANGEROUS":PR I NT 
"FOR HOME TRANSFORMER WINDINC." 

810 PRINT :PRINT "ENTER SERVICE RATING I —" 

820 PRINT " 1 - INTERMITTANT DUTY (75C RISE)." 

830 PRINT " 2 - COMMERCIAL DUTY (50C RISE)." 

840 PRINT " 3 - MILITARY DUTY (25C RISE)." 

850 PRINT :PR 1 NT "ENTER t ";:INPUT SE 

860 IF SE-1 THEN PR-300 

870 IF SE-2 THEN PR-500 

880 IF SE-3 THEN PR-1000 

890 IF SEC 1 OR SE>3 THEN 810 

900 A-H*W:GOSUB 4J0 

910 REM PERFORM CALCULATIONS 

920 NP-(3.49*1000*EP)/(60*AC*0.9*BM):REM CALC PRIMARY TURNS 

930 LB-VA/30:LB-INT(LB*100)/100:R£M CALCULATES APPROX CORE WEIGHT 

940 CP-<4*RC»(NP*2)»(IPA2)):REM CALCULATES COPPER LOSS 

950 EF-(VA*100)/(VA+CL+CP):EF-INT(EF*lO0)/IOO:REM CALC EFFICIENCY 

960 lP-(VA)/(< EF/100)*EP):REM CAL PRIMARY CURRENT 

970 CN-PR*IP:COSUB 60:REM CaL WIRE SIZE 

980 NS-NP*(ES/EP)*((CR/100)+1):REM CAL SEC TURNS 

990 NP-1NT(NP*10)/IO:NS-INT(NS*10)/10 

1000 1P.1NTIIP*10001/1000 

1010 TV-NP/EP:TV»INT(TV*lO)/10:REM CAL TURNS PER VOLT 
10 20 1S-VA/ES:IS-INT(IS»1000)/I 000:REM CAL SEC CURRENT 
1030 NN-NP 
1040 COSUB 620 

1050 PRINT CHR$(125):REM CLEAR SCREEN/HOME 

1060 PRINT :PRINT "POWER TRANSFORMER DESIGN DATA" 

1070 PRINT :PRINT "RATING IS 

1080 IF SE-1 THEN PRINT "INTERMITTANT DUTY (75C RISE)" 

1090 IF SE-2 THEN PRINT "COMMERCIAL DUTY {50C RISE)" 

1100 IF SE-3 THEN PRINT "MILITARY DUTY (25C RISE)" 

1110 PRINT -.PRINT "PRIMARY VOLTAGE - "jEP:" VOLTS." 

1120 PRINT "PRIMARY CURRENT - AMPS." 

1130 PRINT ”# PRIMARY TURNS - ";NP 

1140 PRINT "PRI TURNS PER VOLT- ”;TV;" : 1" 

1150 PRINT 'PRIMARY WIRE SIZE - #";VS 

[160 PRINT LA;" LAYERS OF ";TL;" TURNS/LAYER." 

1170 PRINT :PH-La/TI:REM CALCULATES HElGhT OF PRIMARY 
1160 PRINT "SECONDARY VOLTAGE - ";ES;” VOLTS." 

1190 PRINT "MAX SEC CURRENT - ":IS:" AMPS." 

1200 PRINT "# SECONDARY TURRS - ";NS 
1210 NN-NS 

1220 CM-PR*(VA/ES):RF.M CALC SECONDARY WIRE SIZE 
1230 COSUB 60:REM CALC SECONDARY WIRE SIZE 
1240 GOSUB 620:REM CALCULATE TURNS/LATER 
1250 PRINT "SECONDARY WIRE SIZE - f”;WS 
1260 PRINT LA;" LAYERS OF ";TL;" TURNS/LAYER.” 

1270 SH-LA/TI:REM CALCULATES HEIGHT OF SECONDARY 


1280 TH-PH+SH:REH CALCULATES TOTAL HEIGHT OF WINDINC 

1290 IF TH >-(HA*0.8) THEN PRINT :PRINT "WARNING: WINDOW HEIGHT EXCEEDED--” 
1300 REM TH-TOTAL HEICHT - 201 OF SPACE ALLOWED FOR INSULATION 
1310 PRINT :PR I NT "ENTER 1 TO CONTINUE RATINCS"::INPUT Z 
1320 PRINT CHR$( 125):REM CLEAR SCREEN/HOME 
1 330 PRINT :PR I NT "GENERAL TRANSFORMER RATINGS" 

1340 PRINT :PR I NT "APPROX POWER RATING - ";VA;" VA." 

1350 PRINT "EFFICIENCY - ";EFj”X" 

1360 PRINT "COPPER RECULa TION - ";CR;"X" 

1170 PRINT "APPROX CORE LOSS - ";CL;” WATTS." 

1 380 PRINT "APPROX CORE WEIGHT - " ; LB ; " LBS." 

1390 PRINT "ASSUMED FLUX DENSITY- ";BN;" XILOGAUSS" 

1400 PRINT "SOURCE FREQUENCY - 60 HERTZ." 

1410 PRINT "ASSUMED CORE WINDOW RATIO - 3.5:1" 

1420 PRINT "WINDOW AREA . ";AW;" SQ INCHES." 

1430 PRINT "WINDOW WIDTH . ";WB;" INCHES." 

1440 PRINT "WINDOW HEIGHT - ";HA:" INCHES." 

1450 PRINT :PRINT "DO ANOTHER? 1-Y 2-N "jiINPUT Z 
1460 IF Z<>2 THEN RUN 
1470 END 


The window area (i.e., space allowed for the coil) 
of a core, another important measurement, usually fol¬ 
lows the tongue width in size. Although window width 
and height may vary from one manufacturer to anoth¬ 
er, window area appears to remain fairly uniform for 
a given core size. 

The program assumes the typical width-to-height 
ratio of 3.5:1. For instance, if the winding width is 
0.875 inch and the window area is 0.219 square inches, 
the window height will be 0.25 inch. The number of 
turns-per-layer and the number of layers is determined 
from the window width and area. For example, the 
number of turns-per-layer is found by multiplying win¬ 
dow width by the number of turns-per-inch and by the 
winding space factor. Then the number of layers is 
found by dividing the total number of turns-per- 
winding by the number of turns-per-layer. Ultimate¬ 
ly, the number of turns of wire that can be wound onto 
the core will be determined by wasted space, wire 
bulging, and insulation thickness. This may sound like 
a lot, but one must keep in mind that only so much 
window area is available to accommodate the wire. 

salvaging a used core 

Though it's possible to start from scratch and build 
your own transformer, it's more fun to tear down an 
old transformer and rewind the old core. Recovering 
an old core, however, can be tricky. Perhaps the 
slowest, most time-consuming chore is cleaning out 
the old potting compound. Most transformers have 
been vacuum-impregnated with material that affords 
protection from moisture and keeps laminations from 
"singing" by gluing them together. If it's one of the 
tougher materials such as Hysol or one of the new ure¬ 
thanes, it's not easily removed by anything short of 
a jackhammer. Such transformers are best set aside 
— perhaps for use as door stops. 

Transformers potted in wax are the easiest to sal¬ 
vage. Wax and some varnishes can be removed by 
soaking the transformer in paint or varnish remover, 
and/or a suitable solvent. It's necessary to soften the 
potting compound sufficiently to allow the laminations 
to be removed; vacuum impregnation is very efficient 
and lengthy soaking may be required before the lami¬ 
nations will be ready to slide apart, even with the ad- 
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Table 1. Core table for silicon steel. 

Tongue Sq stack Volt-ampere 

Width Core area Rating 

(Inches) (AC) (VA) 

Sq inch 
Window area 
(AW) 

Core Loss 
(CL) 

Copper 

Regulation 

(CR) 

Copper Loss 
Factor 

IRC) 

0.126 

0.016 

0.02 

0.03 

0.01 

98 

220 

0.187 

0.035 

0.08 

0.05 

0.02 

97 

129 

0.25 

0.063 

0.2 

0.12 

0.05 

96 

60 

0.375 

0.141 

0.9 

0.17 

0.2 

95 

50 

0.5 

0.25 

3.0 

0.19 

0.3 

75 

44 

0.566 

0.32 

4.5 

0.24 

0.4 

62 

39 

0.625 

0.39 

7.0 

0.29 

0.6 

52 

35 

0.686 

0.47 

10.0 

0.35 

0.8 

44 

32 

0.75 

0.56 

14.0 

0.42 

1.0 

30 

26 

0.875 

0.77 

25.0 

0.57 

1.6 

20 

22 

1.0 

1.0 

40.0 

0.75 

2.3 

15 

19.8 

1.125 

1.27 

60.0 

0.95 

3.4 

11.5 

15.7 

1.25 

1.56 

100.0 

1.17 

4.7 

10 

14.2 

1.375 

1.89 

150.0 

1.42 

6.8 

6.5 

11 

1.5 

2.25 

200.0 

1.69 

8.1 

6.0 

10 

1.75 

3.06 

350.0 

2.3 

15.9 

5.0 

9.5 

2.125 

4.5 

700.0 

3.87 

23.1 

3.5 

6.4 

2.25 

5.06 

1000.0 

4.4 

27.6 

3.0 

5.7 

2.5 

6.25 

1500.0 

4.69 

37.2 

2.6 

5.1 


ded encouragement of a hammer. Work outdoors — 
and have patience. It takes time and plenty of elbow 
grease to remove the debris. 

If none of the windings are to be retained, you can 
partially remove some of the wire by cutting through 
the coil with a hacksaw before soaking. If you do this, 
be sure to protect the core from mechanical damage. 
Be careful, too, with the paper tube or winding bob¬ 
bin; it will be used again in rewinding the core. 

When salvaging the core, it's usually best to remove 
all of the wire. However, there are circumstances in 
which you might want to retain one or more of the 
windings. In these cases, the salvage operation is more 
difficult because the transformer can't be soaked in 
paint remover or solvent. If some of the windings are 
to be saved, the tedious chore of removing the lami¬ 
nations without damaging the wire becomes 
necessary. 

In this procedure, a wood splinter is usually driven 
between the paper core form and the core to prevent 
coil vibration. Remove the splinter to free up space 
to work in, then separate and remove the outer lami¬ 
nations from the others with a thin knife to provide 
additional room. If the outer laminations are damaged 
during removal, correct or remove small dents in the 
metal by tapping lightly with a hammer against a flat 
surface. (Because silicon steel is almost as soft as most 
modern automobile fenders, it's sometimes referred 
to as "fender iron," and the process affectionately ti¬ 
tled "body and fender work.") The loss of one or two 


laminations won't affect the operation of the rewound 
transformer significantly; any significant loss, howev¬ 
er, will reduce the power rating (VA) of the core. You 
can compensate for this by determining the remain¬ 
ing stack height for entry into the computer's calcu¬ 
lation. 

The wire sizes used on the old transformer provide 
an important clue as to the amount of power the origi¬ 
nal transformer was able to deliver. The power can 
be estimated by multiplying the secondary winding 
current by the winding's voltage. For transformers 
with multiple secondary windings, add up the individu¬ 
al winding power to get the total transformer power. 
To determine the nominal current value a wire can 
handle, assume 500 CM per ampere. For example, a 
No. 23 wire will handle 1 ampere of current. Wire has 
a resistance value which contributes to heat loss as 
current flows through it. For a given current value, a 
larger wire size would dissipate less heat because of 
its lower resistance. 

wire sizes 

Table 2 provides comparative data for various wire 
sizes. Of concern is the amount of current a particu¬ 
lar wire will carry and how much space is required 
when the wire is used for windings on a transformer. 
Heat rise is affected by wire size and is controlled by 
the circular mil area (CM) of the wire. For example, 
a wire of 1000 CM carrying 1 ampere of current will 
run cool with about a 25-degree C temperature rise 
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Table 2. Wire table. 

Circular Wire 

mil area size 

(CM) (WS) 

Turns/inch 

(Tl) 

Space 

factor 

(SF) 

8 

41 

250 

0.85 

10 

40 

239 

0.86 

12 

39 

215 

0.86 

16 

38 

193 

0.87 

20 

37 

170 

0.87 

25 

36 

155 

0.87 

31 

35 

140 

0.88 

40 

34 

124 

0.88 

50 

33 

110 

0.88 

64 

32 

98 

0.88 

80 

31 

88 

0.88 

100 

30 

80 

0.89 

128 

29 

71 

0.89 

160 

28 

64 

0.89 

202 

27 

57 

0.89 

253 

26 

52 

0.89 

320 

25 

47 

0.90 

404 

24 

42 

0.90 

511 

23 

37 

0.90 

640 

22 

33 

0.90 

812 

21 

30 

0.90 

1020 

20 

26 

0.90 

1290 

19 

23 

0.90 

1620 

18 

21 

0.90 

2050 

17 

19 

0.90 

2580 

16 

17 

0.90 

3260 

15 

15 

0.90 

4110 

14 

13 

0.90 

5178 

13 

12 

0.90 

6530 

12 

10 

0.90 

8234 

11 

9 

0.90 

10380 

10 

8 

0.90 

13100 

9 

7 

0.90 


above ambient. At 1 ampere, 500 CM will run warmer 
with a 50-degree C rise, and 300 CM will run hot at 
a 75-degree C rise. Enamel insulation (purple to black 
color) on copper wire must be operated below 50 
degrees C rise to keep the insulation from disintegrat¬ 
ing. Formvar (orange color) and the newer high- 
temperature insulation materials are capable of han¬ 
dling the higher temperature rises without failure. 

The number of turns-per inch (Tl) and space factor 
(SF) are provided in table 2. The Tl number is based 
upon the diameter of double-coated formvar insula¬ 
tion. Wire coated with enamel will also be of about 
the same diameter. The SF is a judgment of wasted 
space at the end of each layer and is dependent upon 
winding uniformity. Working together, Tl and SF 
values improve the chances of predicting whether or 
not all of the desired number of turns of the selected 
wire will fit into the core window. It's better to know 
the fit up front than after the core has been wound. 

core stacking 

There are two ways of stacking E and / material to 


make up a transformer core. The first way is an inter¬ 
leaved stack, which means that E laminations are al¬ 
ternated in direction as they're stacked to create a 
double closed loop (i.e., with no air gap at the core 
ends). Individual / laminations are pressed into the 
gaps between the E's to fill in the core. The second 
way is called a butt stack where all of the E's are 
stacked in parallel to maintain the E shape. The ends 
of the E's are butted up against a stack of / lamina¬ 
tions equally as high to form a nearly closed core. 

Each stacking method is best suited for a particular 
application. An interleaved stack is most suitable when 
the transformer windings support only alternating cur¬ 
rent power. With only alternating current power ap¬ 
plied, a transformer's efficiency is improved with a 
closed core which keeps the flux lines contained within 
the core. Flowever, the tendency for core saturation 
increases with the closed core, particularly with the 
addition of direct current in one of the windings. When 
used with a rectifier, the non-uniform waveform of the 
pulsating dc produced will affect the transformer's per¬ 
formance, but the effect is usually ignored. 

If it's necessary to have direct current flowing in one 
of the windings, a butt stack is preferred over an in¬ 
terleaved stack. Direct currents cause a biasing of the 
magnetic flux in the core, and if too high, the core 
could saturate. That means the number of flux lines 
has been raised to the maximum density the core can 
handle. (A simple analogy: it's like trying to put more 
people on a bus than the bus can hold. After the bus 
is filled, adding another person to the bus causes 
someone to be squeezed out elsewhere. The bus is 
"saturated.") When saturated, the core will fail to re¬ 
spond to the AC changes applied to the primary wind¬ 
ing. Therefore, the advantage of the butt stack is that 
a small air gap can be created between the ends of 
the E and / stacks to provide a flux leakage path. Flux 
leakage reduces the tendency for core saturation by 
allowing some of the flux lines to escape. A thin piece 
of paper or tape can be used to establish and hold a 
desired gap dimension. 

winding a core 

Winding wire onto a core may be accomplished by 
either hand or machine. Most home experimenters use 
the hand-winding technique. Whether hand- or ma¬ 
chine-wound, the wire insulation must be treated with 
care to prevent damage; scratches in the insulation 
can cause the turns of wire to short. Because of poten¬ 
tial insulation damage, wire salvaged from used trans¬ 
formers is seldom used for new transformers. 

When starting a winding operation, wind the wire 
on a bobbin or paper tube. The bobbin or paper tube 
serves as a smooth winding surface for the wire and 
provides insulation from the core. The form also pro¬ 
vides support for the coil before the core laminations 
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POWER TRANSFORMER DESIGN DATA 

ENTER THE VALUES AS REQUESTED- 

CORE TONGUE DIMENSIONS IN INCHES — 
TONGUE WIDTH 

0.875 

HEIGHT 

0.875 

ENTER PRIMARY VOLTAGE 

120 

ASSUMING A SINGLE SECONDARY WINDING. 
ENTER THE DESIRED OUTPUT VOLTAGE 

12 

ENTER SERVICE RATING I -- 

1 - INTERMITTANT DUTY (75C RISE). 

2 - COMMERCIAL DUTY (50C RISE). 

3 - MILITARY DUTY (25C RISE). 

ENTER « 

2 

POWER TRANSFORMER DESIGN DATA 
RATING IS 

COMMERCIAL DUTY (50C RISE) 

PRIMARY VOLTAGE - 120 VOLTS. 

PRIMARY CURRENT - 0.221 AMPS, 
f PRIMARY TURNS - 699.4 
PRI TURNS PER VOLT. 5.8 : 1 
PRIMARY WIRE SIZE . 129 

7.9 LAYERS OF 88 TURNS/LAYER. 

SECONDARY VOLTAGE . 12 VOLTS. 

MAX SEC CURRENT . 2.083 AMPS, 
f SECONDARY TURNS - 83.9 
SECONDARY WIRE SIZE . 119 

2.9 LAYERS OF 28 TURNS/LAYER. 

ENTER 1 TO CONTINUE RATINGS 

GENERAL TRANSFORMER RATINGS 

APPROX POWER RATING . 25 VA. 
EFFICIENCY - 93.98Z 
COPPER REGULATION . 20X 
APPROX CORE LOSS . 1.6 WATTS. 

APPROX CORE WEIGHT - 0.83 LBS. 

ASSUMED FLUX DENSITY. 14.4 KILOGAUSS 
SOURCE FREQUENCY - 60 HERTZ. 

ASSUMED CORE WINDOW RATIO - 3.5:1 
WINDOW AREA - 0.57 SQ INCHES. 

WINDOW WIDTH . 1.412 INCHES. 

WINDOW HEIGHT . 0.404 INCHES. 

DO ANOTHER? 1-Y 2.N 

fig. 3. Sample screen printout of design. 


sulation cracking could occur, exposing the copper 
and increasing the possibility of shorts. 

The coil is finished off with a layer of paper or tape 
to provide a protective cover for the wire. Then the 
laminations are stacked, using either the interleaved 
or butt stack method. When using the interleaved 
method, alternate the direction of the E's as they're 
inserted into the tube or bobbin, then slip the I's into 
the open slots. If using the butt stack, slide all of the 
E's into the form from one side. Stack the / lamina¬ 
tions to an equal height of the E's and hold the I's to¬ 
gether either with a small amount of wax or varnish. 
A narrow strip of masking tape may be wrapped 
around the / stack. The tape must be positioned so 
that it won't interfere with ends of the E stack. Tape 
may be wrapped around the cores edge (not over the 
coil) to hold the assembly together. Apply power and 


check out the completed transformer. Unloaded, the 
output voltage will be slightly higher than the calcu¬ 
lated value. It will, however, decrease under load. 

the program 

The program (fig. 1) will calculate the number of 
turns and wire size for a given core. Both are based 
upon the maximum power the core can handle (as¬ 
suming a 90-percent power factor). To keep the wind¬ 
ing project simple but usable, and within the grasp of 
a novice winder, the program was written to accom¬ 
modate a single secondary winding. For multiple wind¬ 
ings, the program is used to find the amount of power 
(VA) available that must be distributed among all wind¬ 
ings. Likewise, the wire size must decrease so that the 
copper mass will fit within the available core window 
area. 

Formulas used in the program are based on a float¬ 
ing point decimal. Some program adjustment may be 
required for machines operating with INTEGER 
BASIC. 

The program was written in straightforward BASIC 
so that it would be transportable to the greatest num¬ 
ber of BASIC dialects. All program variables (in fig. 
2) have been listed to provide a troubleshooting aid 
in case of a syntax error. Variables have been limited 
to two characters to maintain program simplicity and 
to accommodate machines limited to two alpha vari¬ 
ables. Should that still be a problem, the second 
character of each variable may be changed to a num¬ 
ber. An abundance of REM statements have been 
used to aid in following each program step. 

Program flow is organized with the GOSUB tables 
at the beginning of the program. In BASIC, the com¬ 
puter always starts at the top of the program (lowest 
line number) and searches down for a particular 
GOSUB line. Execution time is reduced when the 
GOSUB line is found at the beginning of the search. 
Upon completion of the GOSUB operation, a stack 
pointer returns the program to the line number follow¬ 
ing the GOSUB instruction without having to search 
further. A sample run is shown in fig. 3. 

Whether you're an educator or an experimenter, this 
computer program should become a valuable tool. It 
will provide comparative winding data for various core 
sizes and winding voltages. Give it a try! 
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are inserted. Machine-winding on a plastic bobbin, 
rather than a paper tube, can allow up to a 30-percent 
increase in the amount of copper that can fit on the 
core. Hand-winding onto a bobbin is also desirable. 
However, in the absence of a bobbin, one must use 
a paper tube. Tubes made commercially are construct¬ 
ed of pressed paper and impregnated with wax or var¬ 
nish. The coil form (tube or bobbin) may be reused 
if salvaged along with the core, but burrs and sharp 
points should be removed from the form with a 
smooth file or sharp knife to prevent wire from snag¬ 
ging during the winding operation. 

If you didn't salvage the paper tube, you can make 
one from shoe box cardboard. Tubes for small trans¬ 
formers can be made from a manila folder or post card 
stock. To shape the tube, it's first necessary to stack 
the core to form an E to the desired height, which is 
usually square (i.e., height is equal to tongue width). 
Masking tape wrapped around the outer legs will hold 
the laminations in place while the tube is being formed. 
Cut a piece of the cardboard long enough to make one 
turn around the center leg and as wide as the tongue 
is long. Care must be taken to prevent creases in the 
cardboard except at the corners of the core. Creases 
tend to decrease the strength of the tube, causing it 
to collapse during the wire winding operation. The 
seam in the tube may be at one of the corners. Knead 
the cardboard against the iron core to remove any ten¬ 
dency to bulge; you can use the round shaft of a 
screwdriver as a kneading tool. After the tube is 
formed and trimmed to fit tightly around the core leg, 
lay a single strip of masking tape along the seam to 
cover the gap. With the tube still on the core, wrap 
one turn of tape around each end of the tube to in¬ 
crease the end strength slightly and to keep the gap 
closed. Remove the tube from the core and mark the 
tube sides that were against the flat sides of the lami¬ 
nation. Because the core stack is not perfectly square, 
marking of the tube is necessary for core re-stacking 
orientation. After forming, the tube may be soaked 
with varnish to improve its mechanical stability and 
moisture resistance. 

During winding, it will be necessary to start and stop 
wire winding on the flat sides of the lamination. It's 
usually desirable to place the primary winding (the 
winding with the smallest wire size) next to the core. 
Because of the shorter distance around the core, less 
wire is used. Less wire means lower resistance, lower 
copper loss, and better regulation. Starting and end¬ 
ing coil ends should be on the same side of the core 
for convenience. Place the wire near one end of the 
tube with the wire end extending outward about 6 
inches. Use a small tab of masking tape like a flag to 
hold the starting end in place as close to the tube edge 
as possible. Wind the wire onto the tube one turn at 
a time over the flag, positioning the wire tightly against 


A Core selector 
AC Core cross sectional area 
AW Window area 
BM Flux density 
CL Core loss 
CM Circular mil area of wire 
CP Copper loss 

CR Copper regulation 

BF Transformer efficiency 
BP Primary voltage 
ES Secondary voltage 
H Stack height 
HA Window height 

IP Primary current 

IS Secondary current 
LA Layers of wire 
LB Core weight 
NN Temporary variable 
NP Number of primary turns 
NS Number of secondary turns 
PH Height of primary winding 
PR Temperature rise rating 

RC Equiv. series resistance of copper around core 

SE Temperature rise selector 

SF Layer space factor 

SH Height of secondary winding 

TH Total winding height 

Tl Number of turns per inch of wire 

TL Number of turns per layer 

TV Turns per volt-primary winding 

VA Volt-amp rating 

W Tongue width (inches) 

WB Window width 
WS Wire size 
2 Temporary variable 

fig. 2. List of program variables. 


the adjacent turns of wire. To avoid wasting space, 
be careful not to overlap one wire over another. 

One of the biggest problems with hand-winding is 
holding the first and last turn of each layer in place 
on a paper tube; the end turns tend to fall off because 
of weak end support. A dab of glue from a glue stick, 
or of paraffin or rubber cement, on the end two or 
three turns will help hold them in place. 

Each successive layer of wire will tend to fall be¬ 
tween the wires of the layer below unless a paper sepa¬ 
rator between windings is used as a winding surface. 
Even though it has a slick surface, a strip of wax pa¬ 
per usually works well as a separator. It can be 
wrapped over the winding layer and tacked in place 
with a hot soldering iron. Heat from the soldering iron 
will melt the wax, sticking the paper ends together. 
The next layer of wire over the separator will hold it 
permanently in place. Each layer wound onto a paper 
tube will be progressively shorter (i.e., have fewer 
turns) than the layer below it, causing the coil to be 
tapered like the base of a pyramid. Using a bobbin 
solves the tapering problem. 

Keep the wire tight during winding to reduce wast¬ 
ed space and wire bulging. As each turn of wire is ad¬ 
ded, it's pressed against the form to remove the bulge. 
In addition, the wire mustn't be stretched because in- 
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using spreadsheet 

programs 

for Amateur Radio 

projects 

Most of us who own home com¬ 
puters have learned to program them in 
BASIC and found ways to use them in 
thehamshack. Although BASICiseasy 
enough to learn and to use, there are al¬ 
ternatives that make some chores much 
easier. For example, I've been using Lo¬ 
tus 1-2-3™, a highly respected and 
widely used electronic spreadsheet, for 
a number of tasks such as keeping and 
duplicating contest logs, printing QSL 
cards, and the like. Any of the other 
popular spreadsheets, such as 
Multiplan™, would probably work just 
as well. 

Spreadsheet programs are personal 
productivity tools that allow us to ana¬ 
lyze data and create reports. The 
spreadsheets themselves are large grids 
of entries that can include text, formu¬ 
las, and numerics. Since worksheets are 
able to store formats, formulas, and 
data, changes can be made to files in 
order to update or revise data. 

I use Lotus 1-2-3 to generate DXCC 
and WAS recordsand scheduleslfig. 1, 
personalized QSL cards (fig. 2), mailing 
labels, and graphs (f ig. 3). The QS L ap¬ 
plication includes a "macro," a list of 
commands that can be executed as 
needed in order to make the job of en¬ 
tering information and printing the 
results largely automatic. 

No matter what spreadsheet program 
you use, you should have no difficulty 
duplicating the worksheets. The 
5BDXCCrecord (fig. 1) is made by en¬ 
tering the names of all countries worked 
in thefirst column and placing the vari- 



fig. 1. Sample worksheet. 


ous band headings at the top of columns 
B through F. Using the @COUNT 
function* produces an automatic up¬ 
date of the band totals at the bottom of 
each column. Subtotals for each coun¬ 
try, shown on the right, also use the 
same @COUNT function. As new 
countries are worked, all that's required 
is the insertion of new lines where need¬ 
ed to accommodate the new listings. 
When the WORKSHEET-INSERT- 
ROW command is used, the formulas 
are revised automatically to count the 
new totals. The 5BWAS worksheet is 
basically the seme, except that I entered 
column dividers between each band to 
improve the appearance of the graph. 
As with the DXCC record, the pro- 


“Commands shown are specific to Lotus 1 2-3. Ed. 


gram's @COUNT or @SUM functions 
have been used to determine the totals. 

QSL card generator 

The QSL card generator is a macro- 
driven file that allows quick, easy prepa¬ 
ration of a large or small number of 
QSLs. Figure 2 shows a typical card, 
printed on inexpensive continuous-feed 
postcards available at most computer 
supply stores. 

The QSL worksheet is designed in 
columns A through F, using rows 1 
through 18. The print range covers rows 
1 through 21, which allows the print 
head to return to the starting point on 
the next QS L card. All entries are made 
by means of the data-entry and printing 
macro. When started, the macro moves 
the cursor around the card as the return 
key is struck. This feature is a big time- 
saver, particularly because the macro 
sends the card to the printer when the 
last entry is made. The line printer must 
be turned on when the QSL generator 
is running because the finished card is 
sent to the printer after the last of the 
data is entered. 

The construction of the QSL tem¬ 
plate is fairly simple. Starting with a 
blank default worksheet, save a file un- 
derthe name "QSL.” Referring to fig. 
2, use rows 1 through 7 to design the call 
sign. (Although I used numbers and let¬ 
ters to design my card, any character or 
keyboard symbol may be used.) Next, 
design the station report in rows 9 
through 11. Insert the message, ad¬ 
dress, or other information in rows 13 
through 18. 

When the design is complete, use the 
TAB key to move to a blank cell of the 
worksheet and enter the macro. The 
macro listing shows all of the com- 


AA DDDDOD 11 BBBBBBB 

AAAA DO D 11| BB B 

AA AA DO D 1 1 BB B 

AAAAAAAA 00 0 1 I BBBBBBB 

AA AA DO D 1 I BB 0 

AA AA DO 0 J 1 BB B 

AA AA DDDDOD 111111 BBBBBBB 



'll IN*..-. l J i • 1 1 III - III lf\M, Mm 


fig. 2. Sample QSL card. 
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fig. 3. Sample graph. 


/ 

RANGE 

NAME 

CREATE 

"IZ" 

"RETURN" 

"RETURN" 

These commands establish the mac¬ 
ro name, allowing us to run the system 
by typing only two keys, "ALT-Z." 
Next, enter the macro commands listed 
in table 1 and save the completed file. 
To run a batch of QSL cards, load the 
QSL file, placing the cursor on the cell 
where the call sign is to be entered .Start 
the macro with "ALT-Z" and enter all of 


the station report data. After each item, 
hit the "RETURN" key to move to the 
next. Load the line printer with post¬ 
cards and turn it on; printing will begin 
as soon as the last entry is made. 

To improve the appearance of the 
QSLs, I've added a setup string to the 
macro to emphasize print on the call 
sign. The two lines that turn the empha¬ 
sized type on my Epson printer on and 
off are, respectively, "/027/069" and 
"7027/070". Other printers will require 
different instructions; consult your 
manual. 

I've found the QSL generator helpful 
because it processes data quickly and 
easily. New designs can be prepared to 
cover special events, portable opera¬ 
tions, and holidays. 

label-maker 

A simple application, but one that's 
useful for preparing mailings to club 
members or the like, is a label-maker. 
Although routines written in BASICare 
often used to generate labels, using Lo 
tus 1 -2-3 is simpler, quicker, and more 
convenient. 

I've been using labels consisting of 
nine rows from top to bottom. This al¬ 


lows plenty of room for even the most 
complex mailing address. The starting 
point is the creation of a list of names 
and addresses in a single column of a 
worksheet. It's not necessary to set the 
column width to any particularsize be¬ 
cause the text will simply run into the 
next column. 

Each new record starts nine rows be¬ 
low the prior starting point. If you select 
blank mailing labels with only six rows, 
be sure to change the spacing accord¬ 
ingly. Also remember that any time you 
enter a street address — "1 Main 
Street,"for example — theprogram re¬ 
quires that an apostrophe precede the 
entry to tell the program that text, rather 
than numerals, is being entered. To cre¬ 
ate a new file, simply type the names 
and addresses in a columnasyou want 
them to appear on the labels. 

To prepare the file for printing, type 
the following commands: 

/ 

PRINT 

PRINT 

OPTIONS 

OTHER 

UNFORMATTED 

MARGIN 

TOPO 

MARGIN 

BOTTOM O 

QUIT 

RANGE (SET YOUR RANGE) 

QUIT 

Next, save the label file under some 
descriptive name. When you're ready to 
print, load the label file and enter the fol¬ 
lowing commands: 

/ 

PRINT 

PRINT 

ALIGN 

GOI Note: labels will be generated at this 
point. 1 

QUIT 

No provision has been made toallow 
alphabetical sorting. New names can be 
added to the end of the list; names can 
be deleted with the program's 
"WORKSHEET-DELETE-ROW" fea¬ 
ture. To print a batch of labels, all that's 
required is the six keystrokes listed 
above. Hint: starting printing with the 
print head set two rows down from the 


Table 1 

QSL card macro. Note; explanations in right-hand column are not necessary for 

operation. 



\z 

{?}~ 

ENTER THE CALL SIGN 



{RIGHT}{RIGHT} 

HOVE TO THE RIGHT 



{RIGHT} 

HOVE TO THE RIGHT 



{?}~{DOWN} 

ENTER THE DATE AND MOVE DOWN 


{LEFT}{LEFT} 

HOVE LEFT 



{LEFT} 

MOVE LEFT 



’{?}~ 

ENTER THE TIHE 



{RIGHT}{RIGHT} 

HOVE TO THE RIGHT 



{RIGHT} 

HOVE TO THE RIGHT 



'{?}~{DOWN} 

ENTER THE FREQUENCY 

AND HOVE DOWN 


{LEFT}{LEFT} 

HOVE LEFT 



{LEFT} 

HOVE LEFT 



’{?}~ 

ENTER THE REPORT 



{RIGHT}{RIGHT} 

HOVE RIGHT 



{RIGHT} 

HOVE RIGHT 



{?}" 

ENTER THE HODE 



{LEFT}{LEFT} 

HOVE LEFT 



{LEFT} 

HOVE LEFT 



/PPCAARA1.G 8 ~ 

SEND THE QSL TO THE 

PRINTER 


OOUMTO~MBO~S 

USE CONTINUOUS FEED 

FORHAT 


\027\069~QG 

SEND DOUBLE-STRIKE CHARACTER 


CARA9.G21~ 

PRINT BALANCE OF QSL 


OOUHTO~HBO~S 

USE CONTINUOUS FEED 

FORHAT 


\027\070~QGQ 

CANCEL DOUBLE-STRIKE 


{UPHUP} 

HOVE TO START 



/XG\Z~ 

RESTART THE HACRO 
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mands required to run the application. 
To start, enter the following in the 
selected cell: 

top of the label will help center the text 
on the label. 

graphs 

You can use Lotus 1 -2-3 to generate 
line graphs, bar graphs, stacked bar 
graphs, pie charts, and such. A graph 
such as shown in fig. 3, requires the fol¬ 
lowing data entry: 


80 

16 

40 

19 

20 

42 

15 

26 

10 

24 

ALL 

49 


These data are entered in columns A 
and B, starting in the first row. The fol¬ 
lowing commands are then entered in 
the worksheet before saving the final 
product: 

/ 

G 

TYPE BAR 

X-AXIS A1..A6 

A RANGE B1..B6 

OPTIONS TITLES 

FIRST "WORKED ALL STATES" 

TITLES SECOND "ADIB" 

TITLES X-AXIS "BAND" 

TITLES X-AXIS 
"CONFIRMATIONS" 

QUIT 

VIEW [This allows the graph to be 

seen. I 

QUIT 

The VIEW command allows you to 
see the graph and print it. You can also 
save thedata while in the GRAPH menu 
and make a print by using the PRINT 
GRAPH disk in the Lotus package. 
Figure 3 shows the final appearance of 
the sample graph for my 5BWAS cer¬ 
tificate. 

Thomas M. Hart, AD1B 


suppression of high- 
level AM broadcast 
signals 

A transmatch and/or receiver input 
high-pass filter will provide effective at¬ 
tenuation of AM broadcast signals par¬ 
ticularly troublesome on the 160-meter 
band. Transceivers with diode T/R 
switching, however, are vulnerable to 
inter-modulation and cross-modulation 
interference caused by rectification of 
very high-level signals from close-in, 
high-power broadcast stations. A 
transmatch may not provide sufficient 
attenuation of the offending signal, 
and filtering in the receiver input after 
the diodes will not alleviate the 
problem. A conventional receiver high- 
pass filter cannot be put ahead of the 
diode switch because it would be sub¬ 
jected to the 100-watt output of the 
transceiver. 

A method of suppressing a high- 
level AM broadcast signal is shown in 
fig. 1. C3 and C4 in series with l_2 form 
a series shunt trap tuned exactly to the 
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r «AP CONVENTIONAL 
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C3 330 pF. 1000-volt mica {add 270 pF lor low part ol broadcast bandI 
C4 tOO pF mica trimmer 

L2 59 turns. No. 24 enameled wire on 0 75 inch acrylic fPlexiglass 
or tucite' I tube Winding length I 25 inches. Approximately 3> i-h 
I me reuse to 85 turns lor low part ol broadcast bandi 


this arrangement the combined trap 
and transmatch becomes the imped¬ 
ance-matching network. It is neces¬ 
sary only to readjust Cl and C2 for 
minimum SWR in the normal manner. 

In my case there is a 50-kW station 
about 2/3 of a mile away on 1500 kHz. 
The trap reduces the 1500-kHz signal 
from 2.5 to 0.08 volts. It has cleaned 
up the 160-meter band dramatically 
and does not affect received signals 
above 1.8 MHz. Proper impedance 
match to the transceiver is achieved on 
all bands by tuning for minimum SWR 
in the normal manner. The trap coil is 
not even warm to the touch after 
transmitting 100 watts, key down. 

Jack Geist, N3BEK 

ham radio 



frequency of the broadcast station. L2 
is a high-Q coil providing a very low 
shunt resistance at resonance, thus 
providing deep attenuation of the 
broadcast station signal. With the LC 
trap shown the impedance is high 
enough above 1.8 MHz so as not to at¬ 
tenuate signals on any of the bands. 
The high trap impedance also limits the 
current through L2 on transmit to an 
insignificant value above 1.8 MHz. In 
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DX FORECASTER 

Garth stonehocker, KORY w 


more on winter 
anomalous absorption 

December 1984's DX Forecaster 

discussed the wintertime increased ab¬ 
sorption anomaly that results in peri¬ 
ods of weak signals, each lasting a few 
days. Recent research has produced a 
more detailed explanation of its cause 
and effects, as well as a method of 
prediction. 

The cause is not simple, but basical¬ 
ly involves the arrival of particles into 
the polar regions during a geomagnetic 
disturbance. Their arrival triggers a ser¬ 
ies of events: the particles ionize nitric 
oxide (NO) and molecular oxygen (0 2 ) 
in the auroral zone's (60- to 70-degree 
latitude) D and E regions, causing 
auroral absorption there and electron 
depletion in these regions for about 
three days of disturbance. 

About two to four days later, the 
heat buildup from the process pro¬ 
duces stratospheric winds that blow 
the neutral NO and heat to the west 
(in the northern hemisphere) and to 
lower latitudes (e.g., 40 degrees). As 
a result, the NO ionizes in the D region 
signal absorption areas (1000 to 2000 
km in diameter) and spreading, affect¬ 
ing mid-latitude east-west DX propa¬ 
gation paths for the following five to 
six days. 

The absorption develops in two 
areas on opposite sides of the earth. 
The areas in between experience low¬ 
er than normal winter absorption. This 
results in the earth's division into four 
alternating longitudinal bands: one 
quarter of the earth's longitudes ex¬ 
periences above-average signal 
strengths; a second quarter, signal 


strengths below average; the third, 
above-average signal strengths, and 
the fourth, signal strengths below 
average. This pattern moves about 30 
degrees — the equivalent of two time 
zones — per day. This same pattern 
appears five to six days later in the low¬ 
er latitudes (e.g., 40 degrees). How¬ 
ever, it does not coincide with the 
previously described trough condition. 
The amount of absorption is generally 
20 dB, but can be as high as 40 dB for 
several hours during a day. 

From the above discussion, a proce¬ 
dure for forecasting becomes appar¬ 
ent. Geophysical scientists call the 
warm stratosphere accompanying the 
anomalous absorption "Stratwarm." 
Station WVW announces the pres¬ 
ence (and location) of Stratwarm con¬ 
ditions at 18 minutes after the hour. 
During December and January, if a 
high-value A index is announced, 
listen for the Stratwarm location. The 
complementary Stratwarm location 
will be on the other side of the earth, 
with lower absorbing regions (deplet¬ 
ed NO) in between. 

The higher signal strengths in the 
low-absorption regions are a boon to 
DXers. A globe or polar map is useful 
in tracking these regions. Remember, 
these regions move west at a rate of 
30 degrees (longitudinally) per day. 

Anomalous absorption usually oc¬ 
curs in the months of December and 
January, with the most useful activity 
occurring after January 15. 

(ast-minute forecast 

The higher frequency bands are ex¬ 
pected to be best during the third and 


fourth weeks of the month, when the 
probability of a solar flux increase is 
highest. The resulting increase in 
MUFs may be up to 10 degrees above 
the mid-latitude mid-day median value 
of 16 MHz. Look for transequatorial 
openings at that time as well as around 
December 5 and New Year's Day, 
when geomagnetic disturbances are 
expected. 

The first, second, and fifth weeks 
are forecast to have lower solar flux 
and consequently lower activity. There¬ 
fore the lower frequency bands should 
be excellent then. Disturbances, of 
course, can provide DX signals from 
some unusual locations from late in the 
day to early the next morning — i.e., 
10 pm to 4 am local time. 

The Geminids meteor shower, 
which will peak on December 13-14, 
will provide the richest and most relia¬ 
ble display of the year, with rates of 
60 to 70 per hour. Because optical ob¬ 
servations may be difficult or impossi¬ 
ble during periods of poor weather in 
December, actual numbers must be 
determined by radio reception. A 
smaller version of the shower will be 
noted on December 22. Lunar perigee 
will occur on the 2nd and 30th of De¬ 
cember and a full moon on December 
24th. Winter solstice occurs on De¬ 
cember 22nd at 0402 UT. 

band-by-band summary 

Ten, twelve, and fifteen meters, the 
day-only DX bands, will be open from 
morning to early evening almost every 
day, and to most areas of the world. 
The openings on the higher of these 
bands will be shorter, occur closer to 
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«JLZZZSX! SECRET WEAPON 


Alpha Delta’s new DX-A 
Twin Sloper Antenna com¬ 
bines the tremendous power 
of the quarter wave sloper 
with the wide bandwidth of a 
half wave dipole. Easy to in¬ 
stall, simple to tune. 



"DX is <1 snap with my secret weapont 


• 160 and 40 m leg approx. 55' long. 80 
meier leg 67 long. Installs just like an 
inverted V. Fed wilh single 501! leedline 

• Current lobe up high lor maximum radi¬ 
ation. Can be installed between 25 and 
40 leel 

• Broad band performance. Although 
bandwidth is determined by your instal¬ 
lation, tests have shown 85 kHz on 160 
m. 200 kHz on 80 m. and lull coverage 
ol 40 m. Tuner usually not required. 

• No lossy traps. A single "ISO-RES," 
isolator/resonator coil is used to tune 40 
and 160 meters 

• Rated at 1.5 KW oulpul 

• Quality hardware and UV protected coil. 
Stainless steel ensures excellent all 
weather performance. 

S4995 

ready to install 

Available trom your local Alpha Doalor or 
add $4.00 shipping and handling. (USA only) 

Al PHAPf ITA COWMUWKATlOWl.fMC. 

p 0 ttox 571. Centerville, Ohio 45459 AA 

(513) 435-4772 Order line-1513) 376-4180 Tech Into (antennas only] 

current solutions to current problems ** 



More pages, more products-and it's 
hot oft the press! Get the new 1986/7 
DICK SMIIH ELECTRONICS Catalog 
and find anything tor the electronics 
enthusiast The data section alone 
is worth the price of admission Send 
lor your copy today 



Please reserve my copy of the 1986 Dick Smith 
Catalog I enclose $1 to cover shipping 


Name 


Address . 

Cl! 

City. 

Zip. 

OICK SMIIH EIEC1RONICS INC 
P O BO. 7?4V Podwood Cirv CA 04063 
EVERVIHING FOR THE ElECtRONICS EN1HU5IA5TI 



MOVING? 

KEEP HAM RADIO COMING ... 


If possible let us know lour to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove ihe mailing label 
Irom this magazine and affix below. 

Then complete your new address (or any 
other corrections) in ihe space provided 
and we ll fake care of the rest. 

Allow 4-6 weeks lor 
correction 

Magazine 

Greenville. NH 03048 


ham 

radio 


Thanks for helping us to serve you better. 
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local noon, and provide paths mainly 
to the southern hemisphere, with a 
possibility of transequatorial openings. 

Twenty, thirty, and forty meters are 
both day and night bands. Twenty will 
be the maximum usable band for DX 
in the northern directions these days 
during the daytime. Throughout the 
night, it will team up with 30 meters. 
Forty meters will become the main 
over-the-pole DX daytime band, with 
some hours covered by 30. This path 
may be affected by anomalous absorp¬ 
tion during a few days of the month. 

Eighty and one-sixty meters, the 
night-only DX bands, will exhibit short- 
skip propagation during daylight 
hours, then lengthen for DX at dusk. 
These bands follow the darkness path, 
opening to the east just before local 
sunset, swinging more to the north- 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. Eighty is the maximum 
usable band for some night hours now 
during the sunspot minimum period; 
consequently, signal strength and sig¬ 
nal quality can be expected to im¬ 
prove. Remember the DX windows of 
3790-3800, 1825-1830, and 1850-1855 
kHz. 


ham radio 



TUBES—2,000 TYPES 
DISCOUNT PRICES! 

New 20-pg. wholesale catalog lor the radio 
collector/hobbyist Antique, hard-to-lind and 
modern tubes Also transformers, capacitors 
and parls for tube equipment, and books, etc 

Antique Electronic Supply 

688 W First Street 
Ternpe, AZ. 85281 
602/894-9503 
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High-frequency dummy load (HN) 
W1KWE p. 64,Jun84 

IC2AT, carrying case for (HN) 

W6XM p. 62, Aug 83 

Inductance equation, a different 
approach (HN) 

K4KU p. 116 , Dec 84 

Junk-box ingenuity; how to buy, use, 
and recycle surplus electronic parts 
WB4EHS p. 32, Aug 84 

Make a homebrew sheet metal brake for 
chassis construction projects 
WB6BIH p. 43, Jun 86 

Metal cleaning with dip-type cleaners 
(HN) 

W5XW p. 82. Jan 82 

Comment, K6YPD p. 8. Jun 82 

Microstrip impedance program 
K8UR p. 84, Dec 84 

Passive audio filter design, part 1 
development and analysis 
Niewiadomski. S p. 17, Sep 85 

Polymer film transforms mechanical 
energy to electrical energy 
WA4KFZ p. 55, Dec 84 

Power FETs: trend for VHF amplifiers 
Peters, Daniel and W7PUA 

p. 12, Jan 04 

Practically speaking: Keep it cool 
K4IPV p. 75, Apr 86 

Practically speaing: parts sources 
K4IPV p, 78. Nov 86 

Printed circuit layout and drilling 
template 

WA4WDL p. 73, Jul 82 

Quick fix for soldering irons (HN) 

W2YW p 62, Apr 84 

Reflected power limiter 
K4KI p. 63, Jul 84 

RF filters, Build narrowband 


Digital techniques: shocking truths about 
semiconductors 

Anderson, Leonard H. p. 36, Oc! 82 
DTMF controller for repeaters 
WB4FXD p. 47, Sep 85 

Get on SSTV-with the C-64 
I2CAB and I2AED, edited by K9EI 

p 43, Oct 86 

HP-IL serial loop 

Martin. Vaughn D. p. 101, Apr 84 
Making waves 

W6HDM p. 44, Mar 82 

Packet radio: part i 

KV7D. KV7B p 14, Jul 83 

Packet radio: part 2 
KV7D, KV7B, WA7GXD p. 18. Aug 83 

Packet radio and area networking 
W83JZO p 38, Dec 84 

Packet radio, automatic frequency and 
deviation tester 

WB20SZ p. 41, Dec 85 

Packet radio primer 
WA1FHB p. 30. Dec 85 

Packet radio the software approach 
W4UCH p. 63, Sep 84 

Packet radio TNC for the IBM PC 

VE3LNY p, 10, Aug 86 

PL tone generator, a programmable 
WB0VSZ p. 51. Apr 84 

Short circuit p. 125, May 84 

RTTY reader, interrupt-driven 

KN4L p. 72. Sep 84 

Run RTTY on your Timex 
NU4V p. 110, Apr 85 

Run RTTY on your VIC-20 
W5TRS p. 120, Apr 85 

Satellite tracker, digitally-controlled 
KA80BL p. 102, Sep 85 

Smith Chart impedance matching 
on your Commodore 64 


Ham radio lechniques 
W6SAI p, 41, Sep 83 

Ham radio techniques 
W6SAI p. 64, Oct 83 

Interview with Dr. Kenneth Davies 
K2RR p. 28, Jan 83 

Q signals (letter) 

W4MB p 8. Feb 83 

FM AND 
REPEATERS 

Autopatch, simplex 

WB6GTM p. 42, Jan 83 

DTMF controller for repeaters 
WB4FXD p. 47, Sep 85 

FM advantage 

WA9GDZ/6 p. 38, Sep 84 

FM repeater separation — 20 kHz, Yes, 
15 kHz, No 

WD5IBS. WflNK p 12, Aug 85 

Forget memory. Ni-Cd discussion 
K0OV p. 62, Jan 83 

IC-255A switching circuit (HN) 

WB6IQV p. 70, Jan 83 

Comments, WA4MZZ p 8, Jun 83 

Improved repeater/lransmitter noise 
performance (HN) 

K1ZJH p 104, Apr 86 

Linear translators 

WB6JNN p 14, Sep 83 

Microprocessor based repeater controller 
KB0CY p. 12, Mar 82 

Microprocessor repeater controller 
KB5F p. 56, Apr 83 

Remote repeater programming using a 
computer and a lelephone 
KD9BC 


WB4EHS p. 10, Mar 

86 

WA9GFR 

p. 120, Ocl 84 

Repeater antenna beam tilting 

Short circuit p. 36, Jun 

86 

Software piracy (letter) 


K7NM 

p 29, May 

Set screws, taming (HN) 


Forsyth, Mike 

p. 8, Sep 84 

Short circuit 

p. 80, Jul 

W5PGG p. 64, Mar 

82 

Spread spectrum and digital communica¬ 

Repeater etiquette (letter) 


Silk screen techniques, make your 


tion techniques: a primer 

WlOLP 

p 8, Ocl 

own board using 


N9NB 

p. 13, Dec 85 

Repeater, high-tech: designing and 

W3QOM p 83, Nov 

84 

Synthesizers. VHF and UHF, design ol 

building an FM translator 

Silverplating, safe, sensible 


digital components 


WA6CAY 

p. 82, Feb 

K9EYY p. 29, Feb 

85 

G4CLF 

p. 26, Jul 82 

Repeaters, speech synihesis for 

Solar power for your ham station 


The Guerri report — computer 

N9EE 

p. 79, Mar 

NH6N p 14, Dec 

84 

technology 


Repeaters, three circuits for (HN) 

Superhet coilset, design wilh 


W6MGI 

p 54, Nov 84 

N9EE 

p 91, Jan 

a microcomputer 


Short circuit 

p 8, Dec 84 

Speech processor for fm transmitters 

Sterrenburg, F.A.S. p. 113, Nov 

84 

The Guerri report: signal processing 

G4CLF, G3RZP 

p. 76, Mar 

The Guerri report: pc boards 


W6MGI 

p 156, Dec 84 

Squelch, smart 


W6MGI p 109, Sep 

86 

The Guerri report 


W6NRW 

p. 37, Jun 

Turns per inch from wire size (HN) 


W6MGI 

p 124, Jan 86 

State-of-the-art auto dialer 


K8UR p 97, Dec 

83 

The Guerri report 


K2MWU 

p. 21, Dec 

Universal analog breadboard, A 


W6MGI 

p. 125, Apr 86 

Short circuit 

p 10, Feb 

Gruchella, Michael p. 85. Jun 

86 

Using an RTTY terminal unit with the 

Short circuit 

p 10, Mar 

ZX-81/TS — 1000 controller: new use 

for 

Heathkit HD 4040 TNC 


Tone decoder, ultimate 


old computers 


AA8V 

p 59, Aug 86 

WD9EIA 

p. 33, Sep 

N9NB p. 31, Dec 

86 

VIC-20 printer (HN) 


Comments, WD9EIA 

p. 8, Feb 



W2QLI 

p. 88, Sep 84 

Tone burst generator for European 





repeaters, A 


DIGITAL 




WA3EEC p. 88. Jul 

Touch-tone autodialer, portable 

TECHNIQUES 




K2MWU 

Comments, K2MWU 

p 12, Aug 
p. 8, Feb 





Touch-tone decoder 


Amateur FSK: A spectral analysis 




KC9C 

p. 27, Apr 

WA6NCX p. 42. Dec 

86 



ZIA connection: a multi-stale 2 -meter 


AMTOR, AX.25, and HERMES: a 
performance analysis of three systems 
W9JD p. 63. Dec 85 

Comments. G3PLX p 9, May 86 

Annuciator bell for the Kantronics 
KlZJH p. 22. Aug 86 

Audio filter design, computer-aided 

KE2J p. 15, Oct 85 

Commodore 64, $100 printer (HN) 

W20LI p. 86. Aug 85 

Computer control of ICOM R-71, 271. 
471, and 751 radios 
NG6Q p 47, Apr 86 

Digital can do more. Comments 
KA4JFO p. 9. Mar 86 

Digital clock, build a fail-safe 

K1MC p 54. Oct 85 

Digital frequency readout using ihe 
Commodore 64 

W3NNL P 83. Nov 85 

Digital HF radio: a sampling of 
techniques 

KA2WEU/OJ2LR p 19, Apr 85 

Short circuit p 121, May 85 

Digital techniques: inside a phase- 
frequency detector 

Anderson, Leonard H. p. 28, Sep 82 


FEATURES 
AND FICTION 


repeater link 
K5XY 


p. 30, Oct 86 


Electromagnetic jargon 
of-the-art 
N6TX 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio lechniques 
W6SAI 

Comments, W6DKZ 
Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 


generator, state- 

p. 75, Apr 85 

p, 66. Jan 83 

p. 77. Feb 83 

p. 47. Mar 83 

p 52, Apr 83 
p 8, Dec 83 

p 52. May 83 

p. 46. Jun 83 

p. 42. Jul 83 

p. 40. Aug 83 


HAZARDS 

AC line transient protection 
N6JH p. 59, Apr 86 

Electric shock, ihe effects and 
treatment of 

NY6U p. 85, Mar 84 

Lightning and electrical transient 
protection 

KR7L p 73. Dec 83 

When hazardous waste comes home 
PCSs in the ham shack 
KA1LBO p 42. Dec 83 

INTEGRATED 

CIRCUITS 

Binary coded decimal addition (HN) 
WA9HUV p. 66, Apr 82 

Comment 

Schiffler, Jeffrey L. p 8, Dec 82 


FSK tone generator using an fC tone 
dialer (HN) 

Nagel. David p. 88, Apr 83 

Low-pass filter, integrated circuit 
WB2KTG p. 59, Jan 85 

Sialic electricity and modern 
integrated circuits 

K4KEF p. 33. Mar 84 

The Guerri Report: superchips come 
of age 

W6MGI p. 126. Feb 85 

The Guerri report 

W6MGI p. 124. Jan 86 

The Guerri report: microchips 
W6MGI p 109, Jul 86 

TouchTone decoder, an improved 
N6JH p 24, Dec 82 

TTL ICs. simple tests for 
W6ALF p 37. Mar 82 

2716 EPROM programmer 
N3CA p 32. Apr 82 


KEYING AND 
CONTROL 

Call sign identifier: programmable 
WB3CEH p. 33, Feb 85 

Cathode key with the Heath HD-1410 
(HN) 

K9XM, N9MX p. 80, Jan 82 

Ham radio techniques 
W6SAI p. 106, Oct 84 

Keyer, simple, compact QRP 
(weekender) 

W5FG p. 82, Oct 84 

Keyer, single-chip, for QRP 
W3HVK p. 70, Oct 82 

Latching relay control (HN) 

K6HTM p. 94. May 83 

Low-power keyer and interface 
K1HOP p. 68, Feb 83 

Short circuit p. 97, Aug 83 

Microprocessor repeater controller 
KB5F p 56, Apr 83 

Micros and VHF beacons 
transmit messages automatically 
K9EI p. 51, Jul 85 

Morse Code tutor 

N3SE p 45, Jun 85 

Morse keyboard, an easier approach 
to mastering the 

W1KZ p. 80. Apr 84 

Morse time synthesis 
N3SE p i 7, Apr 83 

Remotely controlled stations: a look at a 
successful remote base 
WA6EJO p. 48, Sep 86 

Remote control hf operation 
K5QY p. 32. Apr 83 

Short circuit p. 97, Aug 83 

Sending CW 

KA4QVK p. 75, Jun 83 

Solid-state CW T-R system 
W4RNL p. 62, Mar 83 

Ten-Tec 645 ultramatic keyer mods (HN) 
K4JST p. 70, Dec 82 

Testing baluns 

K4KJ p. 30, Aug 83 

WPM readout tor deluxe memory keyer 
WAlOEH p. 50, Apr 82 

MEASURE¬ 
MENTS AND 
TEST 

EQUIPMENT 

Battery charger sensor 

W3BYM p. 54, Dec 82 

BC221, unusual 

VK2ZH p 22, Jan 83 

Bridge measurements, the half-wave 
transmission line in (HN) 

K4KI P 108. Nov 84 

Capacitive-reactance metei multiplier 
(HN) 

K4KI p 89, Apr 83 

Continuity tester, simple 
WD6GMB p. 130. Sep 85 

Detailed look at probes 
Martin, and Davis p 75. Sep 85 

Detector, logarithmic, wideband 
PA0CX/DJ0SA p. 75, Jul 85 
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L-band ground wave propagation 
program 

WA9GFR and Joseph R Hennel 

p 103. Jan 

Comment. WA9GFR p 9, Apr 
Moon coordinates, determining basic 
W2WD p. 38, Jan 


Moon-tracking by compuler 
K6WX p 38. Mar 

New band propagation 
KK2XJM (W4MB) p. 12. Jan 

Radio astronomy and the search 
lor extra terrestrial intelligence 
WB3JZO p 10, Mar 

Radio signals, radiation of 
W1GV/4 p 26, Jun 

Russian Woodpecker, the: 


a continuing nuisance 
KR7L p 37, Nov 

Solar outages, predicting 
VE7ABK p 75. Mar 

VHF meteor scatter communications 
AI7J p. 69, Feb 

VHF/UHF world' improving meteor 

scatter communications 
WUR p 82, Jun 

VHF/UHF world: the VHF/UHF Primer, 
an introduction to propagation 
WlJR p 14, Jul 

VHF/UHF world 

WUR p 45, Sep 

VHF/UHF World propagation update 
WlJR p. 86, Jul 

VHF/UHF World 

WlJR p. 85, Dec 

VHF/UHF world meteor scatter 
communications 

WUR p 68, Jun 

Short circuit p 87, Jul 

VHF/UHF world ^W and mm-wave 
propagation- part 2 
WlJR p. 69, Aug 


86 

86 

85 

84 
83 

85 
82 


84 

85 
84 

84 

84 

84 

85 

8b 


86 

86 

86 


Noise, understanding and handling 


DJ2LR 

p. 10, Nov 86 

Panoramic adaptor/speclrum analyser 

design notes 

WA6NCX/1 

p 26. Feb 83 

Comments, K2CBY 

p. 12, Sep 83 

Short circuit 

Preamp at work. Quiet! 

p 70. Oct 83 

N6TX 

Receiver dynamic range 

p 14, Nov 84 

W3JZO 

p. 77, Dec 82 

Receiver input temperature (letter) 

WA6JTD 

p. 13. Apr 85 

Receiver tuning mechanism selection 

PY2PEIC 

p. 31, Nov 86 

Receiver, 10 through 80-meter home 

brew 


N1BFV 

p 40, Nov 85 

Remote-site receivers and repeater 

operation 

K9EID 

p 36.Jan 83 

Rotary dial and encoder tor digital tuning 

N3CA 

S-meter, a calibrated 

p 30, Dec 8? 

W7SX 

p, 23, Jan 86 

Short circuit 

p, 45. Apr 86 

Spectrum analyzer, a handheld optical 

WA4WDL 

Ten-Tec Argosy, Upgrade 

p. 23, Apr 84 

WB3JZO 

p. 38, Nov 86 

TS-930S headset audio, increase 

undistorted (HN) 

W6FR 

p 128, Oct 85 

VHF/UHF world — high dynamic range 

receivers 

WlJR 

p. 97, Nov 84 

Short circuit 

p. 103, Jan 85 

VHF/UHF world broadband amplifiers m 

receiver design 

WlJR 

p 91, Nov 86 


hf 


RECEIVERS 

AND 

CONVERTERS 

general 

Active mixers, performance capability 
part 1 

DJ2LR p. 30. Mar 82 

Active mixers, performance capability: 
part 2 

DJ2LR p. 38, Apr 82 

Automatic repeater/receiver sensitivity 
(HN) 

VE7ABK p. 81, Jan 82 

Bragg-cell receiver 

WB3JZO p. 42, Feb 83 

Cascaded stages, IMD and intercept 
points ot 

W3IMG p. 28, Nov 84 

CB to 10-meter conversions, scanner 
W2FMY. KBZGA p. 98, Nov 85 

Communications receiver 
K2BLA p. 12, Jul 82 

Compact 75-meter monoband 
transceiver 

KlBQT p. 13, Nov 85 

Short circuit p. 66, Jan 86 

Crystal ladder filters, systematic design 
of 

N7W0 p. 40, Feb 82 

Digital frequency readout using the 
Commodore 64 

W3NNL p. 83, Nov 85 

Extending receive coverage tor the IC-02 
and (C-04 

WB6GTM p. 77. Jul 86 

External product detector improves 
receiver performance 
W6GB p 107, Nov 85 

High-stability BFO for receiver 
applications 

K1ZJH p. 28, Jun 85 

LF converter, fixed-tuned 
K1RGO p. 19, Jan 83 

Low-noise preamplifiers with good im¬ 
pedance match 

WlOOP p. 36, Nov 82 

Mixer frequencies, graphical selection 
W2HVN p, 41, Jun 85 

Noise discriminator, a pulsewidth 
W6NRW p. 23, Nov 84 


Blanking the Woodpecker, part 1 
VKlDN p 20, Jan 82 

Blanking the Woodpecker, part 2: 
a practical circuit 

VKfDN p. 18, Feb 82 

Comments, NP4B p. 8, Jul 82 

Blanking the Woodpecker, part 3: 
an audio blanker 

VKlDN p. 22, Mar 82 

CB to 10 tm transceiver conversion 
VE3FIT, VE3AQN p. 16, Feb 83 

Compact SSB receiver 
Kt BOT p 10, Nov 83 

Comments KA0GPE p. 10, Mar 84 

Designing a modern receiver 
WB3JZO p. 23, Nov 83 

Digital HF radio: a sampling of 
techniques 

KA2WEU/DJ2LR p. 19, Apr 85 

Short circuit p. 121. May 85 

HF superhet, 20-meter 
N3ECZ p 65, Nov 06 

High-lrequency receiver performance 
G40BU p 33. Feb 84 

Improved stability and dial calibration 
for ihe Heathkit HW-8 (HN) 

W3HVK p. 103. Nov 83 

Inexpensive CW filter (HN) 

WBlAFO p 80, Jan 82 

Receiver. Pocket-portable SSB 
WB6BIH p 55, Nov 86 

Receiver sweep alignment system 

WB6BIH p. 124, Nov 84 

Shortwave receiver, portable 

PY2PE1C p 67, Apr 84 

Simple shortwave broadcast receiver 
W6XM p. 83, Nov 83 

Superhet coilset, design with 

a microcomputer 

Sterrenburg, F A S. p 113, Nov 84 
SW receiver, a double conversion 
portable 

PY2PE1C p 48, Nov 84 

Transceivers, quasi-bilateral IF tor 
K1ZJH p 75, Dec 84 

Two-band receiver, extending the 
modular 

WA3TFS p 57, Nov 84 

Two-band receiver, modular 
WA3TFS p 53. Jul 83 

Comments WA3TFS p 8, Sep 84 

15-meter sideband transceiver 
WA4ZXF p. 12. Mar 83 

Short circuit p 80, Jul 83 

80-meter receiver, simple 
WB2EAV p. 25. Nov 86 


vhf 


Extending receive coverage for the IC-02 
and IC-04 

WB6GTM p 77. Jul 86 

Optical fm receiver 

Poon and Pieper p 53. Nov 83 

Shod circuit p. 85. Jan 84 

Comment, W60AL p. 13, Jun 84 

VHF/UHF world: VHF/UHF receivers 
WUR p. 42, Mar 84 


RTTY 

Baudot, a vote for (letter) 

W6NRM p 8, Mar 82 

CW and RTTY digital audio filter 
WlOER p 60, Aug 83 

New MSO for RTTY (feffer) 

N2EO p 12. Jul 84 

RTTY and Atari™ computer 
K5VUV p. 36. Jul 83 

Short circuit p. 10. Feb 84 

RTTY oscilloscope input 
using line transformers (HN) 

W6XM p. 87. Sep 84 

RTTY zero-beat indicator (HN) 

W2QLI p. 78, Oct 83 

Run RTTY on your Timex 
NU4V p 110, Apr 85 

Hun RTTY on your VIC-20 
W5TRS p i 20, Apr 85 

Timex/Sinclair newsletter (letter) 

AD IB p 12, Jul 84 

TRS-80 color computer lor RTTY 

WtOER p 62. Jun 83 

VIC-20 printer (HN) 

W2QLI p. 88. Sep 04 

Shod circuit p 145. Mar 85 


SATELLITES 

Demodulator, telemetry, PSK, for 
OSCAR 10 

G3RUH p. 50, Apr 85 

Elevation indicator, inexpensive W5- 
JTL p. 67. Jun 85 

First HT-to-HT QSO via OSCAR 10 
WA2LQQ p. 32, Sep 84 

Comments WlDHX p 8, Jan 82 
Comments W2TI p 8, Feb 82 

Short circuits p. 89. Jan 82 

G O E S, reception a simple approach 
WA4WDL p. 46, Jan 84 

Graphic azimuth and elevation calculator 
WB0VGI p. 25, Jan 83 

Introducing satellite communications 
G3ZCZ p 10. Apr 86 

Locale orbiting satellites 
W0ZWW p. 72, Sep 83 

Moon-tracking by computer 
K6WX p. 38, Mar 84 

Satellite tracker, digilally-controlled 
KA80BL p. 102, Sep 85 

Signals from space, receiving 
K8UR p. 67, Nov 84 

The Guerri report: super speed 
semiconductor 

W6MGI p 109, Oct 86 

The Guerri report: communication 
satellites 

W6MGI p 108, Jun 86 

Comments: update on ACSSB level- 
one adapter, project OSCAR (Oct. 86) 
WB6JNN p.9, Nov 86 

Work OSCAR 10 with your HT 

WA2LOQ p. 29, Sep 84 


SEMI¬ 

CONDUCTORS 

Amplifiers, biasing Class-A bipolar 
transistor 

KQ7B p. 32, Aug 82 

Cooling semiconductors part 1. 
designing and using heatsinks 
Martin, Vaughn D. p. 33, Jul 84 

Cooling semiconductors part 2: 
blowers and fans 

Martin, Vaughn D. p. 52, Aug 84 


GaAs F£T performance and 
preamplifier application 
K8UR p 38, Mar 83 

Comments, KC0W p 12. Jul 83 

Practically speaking solid state rectifiers 
K4IPV p. 51. Aug 86 

Practically speaking: substituting 
transistors-part 1 

K4IPV p 92, Sep 86 

Practically speaking: substituting 
transistors-part 2 

K4IPV p. 66, Oct 86 

Solid-staie replacements 
AK7N p. 46, Apr 83 

The Guerri report: super speed 
semiconductors 

W6MGI p 109, Oct 86 

Transistor biasing, back to basics 
WD4C p. 9t. Dec 84 


SINGLE 

SIDEBAND 

ACSSB a level-one adapter 
WB6JNN p 10. Oct 86 

Adjusting SSB amplifiers 
AG6K p. 33, Sep 85 

Better sounding SSB 
AG6K p 58, Feb 84 

Comments W20ZH p. 13, Jun 84 

Development of Amateur SSB 

a brief history 

K4KJ p. 12. Sep 84 

Comments, AG4R p 8, Dec 84 

Ham radio techniques 
W6SA1 p 106, Oct 84 

Linear amplifier, HF solid-state kilowatt, 
mobile 

WA7SPR p. 67, Feb 85 

Weaver modulation, 2-meter transmitter 
NtCOX p 12, Jul 85 


SOFTWARE 

EME link calculator program 
KE6ZE p 70, Feb 86 

Comments, CBOH p.9. Apr 86 

Gel on SSTV-wilh the C-64 
I2CAB and I2AED, edited by K9EI 

p. 43, Oct 86 

L-band ground wave propagation 
program 

WA9GRF and Joseph R Hennel 
TI58/TI59 (HN) 

K3VGX p. 65, Mar 82 

Using spreadsheet programs 
for amateur radio projects 
AD IB p. 95. Dec 86 


TELEVISION 

CRT character enhancer 
W9CGI p 66, Aug 82 

SSTV, applying microcomputers to 
G3ZCZ/4X p 20, Jun 82 


TRANSMITTERS 
AND POWER 
SUPPLIES 

general 

Adjusting SSB amplifiers 
AG6K p. 33, Sep 85 

Grounded-grid amplifier pa rasitics 
AG6K p. 31, Apr 86 

Comment, NJ0G p. 9, Jul 86 

Comment, W2YW p. 6, Jul 86 

Ham radio techniques: super cathode 
driven amplifier 

W6SAI p 73, Nov 86 
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MCI496, improved carrier suppression 

(HN) 


KlZJH 

p 78, Apr 85 

Short circuit 

p. 74, Jul 85 

RF switching, high power 

with pin 

diodes 


KN8Z 

p 82, Jan 85 

VMOS on 1750 meters 


KlRGO 

p 71, Oct 83 

6 -meter amplifier 


W2GN 

p 72. Apr 83 

Short circuit 

p 97, Aug 83 

40-meter transmitter-receiver 

W6XM 

p 43, Dec 82 

5CX1500 screen protection (HN) 

VE3AIA 

p 58, Mar 83 


hf 

Amplifier, 3CX1200A7 10 to 80 meter 
K8RA p. 75. Aug 85 

CB to 10 fm transceiver conversion 
VE3FIT, VE3AQN p. 16. Feb 83 

Compact 75-meter monoband 
transceiver 

K1BQT p. 13, Nov 85 

Improved stability and dial calibration 
for the Heathkit HW-8 (HN) 

W3HVK p. 103, Nov 83 

Linear amplifier, HF. solid-state kilowatt, 
mobile 

WA7SPR p. 67, Feb 85 

Remote control hf operation 
K5QY p. 32, Apr 83 

Short circuit p. 97, Aug 83 

Vacuum tube amplifier, design a 
toroidal tank circuit for 
W6YUY p. 29, Aug 85 

15-meter sideband transceiver 
WA4ZXF p. 12, Mar 83 

Short circuit p. 80, Jul 83 

Short circuit p, 66, Jan 86 


TROUBLE¬ 

SHOOTING 

GLA-1000 amplifier, stop blowing finals 
G4CFY. G3ROG p 59, Aug 85 

Grounded-grid amplifier parasitics 
AG6K p. 31, Apr 86 

Comment, NJ0G p. 9. Jul 86 

Comment, W2YW p. 6, Jul 86 

Practically speaking: coax velocity factor 
K4IPV p. 78, Nov 86 

Practically speaking: using the 
multimeter 

K4IPV p. 43. Jul 86 

Practically speaking: using the right 
multimeter 

K4IPV p 95, Jun 86 

Practically speaking 
K4IPV p. 35, Feb 86 

Practically speaking 
K4IPV p. 59, Jan 86 

TVI problem, solving a difficult (HN) 
W2YW p. 152, Sep 85 


VHF AND UHF 

general 

ATV power amplifier, fast-scan 
WB0ZJP p, 67, Mar 85 

"Audio to microwave” amplifier, build 
your own 

Gruchalla, Michael p. 12, Mar 84 

Bandpass filter design, interdigital, 
computer-aided 

N6JH, Monemzadeh p. 12, Jan 85 

Short circuit p. 117, Jun 85 

Battery-voltage monitor for HTs 
K2MWU p. 78, Sep 82 

Dipfexer mods (HN) 

K5PFE p. 89, Apr 83 

Dual wattmeter, 50-500 Hz 
WB4EHS p- 67, Jul 85 

Duplexer, six cavity, home-brewed 
K9EYY p. 12, Feb 85 

EME link calculator program 
KE6ZE p. 70, Feb 86 


Efficient matching 

VE7BS p. 83, Sep 83 

Elevation indicator, inexpensive 
W5JTL p. 67, Jun 85 

Get on 6 meters — the inexpensive way 
KB1KJ p. 91, Mar 85 

G O E S, reception, a simple approach 
WA4WDL p. 46. Jan 84 

Helical antenna matching 
Belliveau, John p. 73, May 83 

L-band ground wave propagation 
program 

WA9GFR and Joseph R. Hennel 

p. 103, Jan 86 
Local oscillators, high stability lor micro- 
wave receivers and other applications 
WB3JZO p 29, Nov 85 

Measuring noise figure 
K2BLA p. 26, Jan 84 

Micros and VHF beacons 
transmit messages automatically 
K9EI p 51. Jul 85 

Microstrip impedance program 
K8UR p 84, Dec 84 

Microwave network for multimode 
communications 

K4TWJ p 36, Aug 82 

Monolithic RF amplifiers 
N6JH p. 22, Mar 86 

Moon coordinates, determining basic 
W2WD p 38, Jan 85 

Moon-tracking by computer 
K6WX p. 38. Mar 84 

Power dividers, extended/expanded 
W5JTL p 73, Oct 84 

Power FETs: trend for VHF amplifiers 
Peters, Daniel, W7PUA p. 12, Jan 84 

Power supply, amplifier 
WA2GFP p. 32. Sep 83 

Preamp at work, Quiet! 

N6TX p. 14, Nov 84 

Radio telescope antenna requirement 
Landecker, Tom p. 44, Mar 83 

RF transmission cable, microwave 
applications 

K3HW p. 106, May 85 

Silverplating, safe, sensible 
K9EYY p 29. Feb 85 

Synthesized time identifier for your 

repeater 

WA4GUA p. 42, Nov 82 

The Guerri report: signal processing 
W6MGI p. 156, Dec 84 

Converting mobile microphones for 
hand-held VHF transceiver 
KDKZ and WB3JCC p. 79. Mar 

The Guerri report: mm waves, part 1 
W6MGI p. 109, Feb 86 

The Guerri report: mm waves, part 2 
W6MGI p. 117, Mar 86 

The Guerri report, fiber optics 
W6MGI p. 141, May 86 

Tone decoder, the ultimate 
WD9EIA, WB9HGZ p. 33, Sep 82 

Comment, WD9EIA p 8, Feb 83 
Touchtone auto-dialer, portable 
K2MWU p. 12. Aug 82 

Comments, K2MWU p. 8 , Feb 83 
Trade off power for antenna gain at 
VHF? 

WA9GFR, Hennel p. 32. Jul 85 

Comment, WA9GFR p. 9, Apr 86 

UHF antenna tower, low-cost 

KA6GVY p. 30, Oct 84 

VHF amplifiers, carrier-operated relay 
WB3JCC, KD8KZ p. 45, Apr 85 

VHF meteor scatter communications 
AI7J p. 69, Feb 84 

VHF noise bridge 

OE2APM/AA3K p. 10, Jul 86 

VHF signal generation, harmonic mixer 
K1ZJH p. 40, .Mar 85 

Short circuit p. 121, May 85 

VHF/UHF world: the VHF/UHF challenge 
W1JR p. 42, Jan 84 

VHF/UHF world: improving meteor 
scatter communications 
W1JR p. 82, Jun 84 

VHF/UHF world: microwave bands 
W1JR p. 44, Jan 86 

VHF/UHF world: the VHF/UHF primer, 
an introduction to propagation 
W1JR p 14. Jul 84 

VHF/UHF world: the VHF/UHF Primer, 
an introduction to filters 
W1JR p. 112, Aug 84 

VHF/UHF world 

W1JR p. 45, Sep 84 


VHF/UHF world 

W1JR p. 55, Oct 84 

VHF/UHF world — low-noise GaAs FET 
technology 

W1JR p. 99, Dec 84 

VHF/UHF world: high power amplifiers: 
part 1 

WlJR p 97, Jan 85 

VHF/UHF world: high power amplifiers: 
part 2 

W1JR p 38, Feb 85 

VHF/UHF world: keeping VHF/UHFers 
up-to-date 

WlJR p. 126, Mar 85 

VHF/UHF world: protecting equipment 
WlJR p. 83, Jun 85 

VHF/UHF world: propagation update 
WlJR p. 86, Jul 85 

VHF/UHF world: designing and building 
loop Yagis 


WlJR 

p. 56, Sep 85 

VHF/UHF world — transmission lines 

WlJR 

p. 83, Oct 85 

Comment. W9ICZ 

p. 9, Apr 86 

VHF/UHF world 


WlJR 

p. 54, Nov 85 

VHF/UHF world 


WlJR 

p 85. Dec 85 

VHF-UHF world /tw and 

mm-wave 

propagation, part 2 


WlJR 

p. 69, Aug 86 

VHF-UHF world: meteor scatter 

communications 


WlJR 

p. 68, Jun 86 

Short circuit 

p. 87. Jul 86 

VHF-UHF world: microwave bands 

WlJR 

p. 44, Jan 86 


VHF/UHF world: 33 cm-our newest band 
WlJR p. 83, Apr 86 

Short circuit (VHF/UHF July 86) 

p. 9, Aug 86 

VHF-UHF world: rf connectors, part 1 
WlJR p. 77, Sep 86 

VHF-UHF world: rf connectors, part 2 
WlJR p. 59, Oct 86 

Weather radar, 10-GHz 
K4TWJ p. 61, Sep 83 

Wireless 220-MHz to 2-meter converter 
W3RW p. 36, Jan 82 

X-band mixer, low noise 
N5AX p. 22, Jan 83 

10-GHz oscillator, ultra stable 
K8UR p 57, Jun 83 

40-meter transmitter-receiver 
W6XM p 43. Dec 82 


antennas 

Antenna insulators, PTFE VHF 
W5JTL p. 98, Oct 85 

Cylindrical feedhorns, second-generation 
WA9HUV p. 31. May 82 

Convert an inexpensive CB mag-mount 
antenna into a superb 2-meter whip 
K7D6A p. 52, Oct 86 

Colagi antenna. The 
VE3BFM p 61. May 86 

Computer-aided design of long VHF 
Yagi antennas 

VK4ZF p 28, May 86 

Cylindrical feedhorns revisited 
WA9HU p 20, Feb 86 

Direction-finding tool, the fox box 
KlZJH p. 25, Oct 85 

Fresnel-zone plate for 10.4 GHz 
WB6YVK p. 44. May 82 

Comments, KB90. WB6YVK 

p. 8, Nov 82 

Long 2-meter col I in ears — a simple way 
to achieve gain (HN) 

WB3AYW p. 95, May 86 

Matching 432 MHz helical antennas 
W8NWU p. 44. Mar 83 

VHF/UHF world: VHF/UHF antennas and 


antenna systems 


WlJR 

p. 46, Feb 84 

Short circuit 

p. 54, Jan 86 

VHF/UHF world stacking 

antennas, 

part 1 


WlJR 

p. 129, Apr 85 

VHF/UHF world: stacking 

antennas, 

pan 2 


WlJR 

p. 95, May 85 

VHF/UHF world 


WlJR 

p. 85, Dec 85 

VHF Yagi CAD on the C-64 

W4PFZ 

p. 70, Sep 86 


VHF/UHF world: Yagi facts and fallacies 
WlJR p. 103, May 86 

VHF/UHF world: reflector antennas, 
part 1 

WlJR p. 51, Feb 86 

Short circuit p 45, Apr 86 

VHF/UHF world, reflector antennas, 
pari 2 

WlJR p. 68, Mar 86 

Yagi, a high-gam 70-cm 
WlJR p. 75, Dec 86 

Yagi trigon reflector. Optimizing 
WB3BGU p 84, Jan 86 

Weathering the elements at 10 4 GHz 
WB6YVK p. 74, Aug 82 

2 -meter beam, portable 
KB5QJ p. 113, Oct 85 

6 -meler kilowatt amplifier 
KXGO p 50, Jul 86 

receivers and 
converters 

GaAs FET performance and 
preamplifier application 
K8UR p. 38, Mar 83 

Comments, KC0W p. 12, Jul 83 

Local oscillators, high stability for micro- 
wave receivers and other applications 
WB3JZO p. 29, Nov 85 

Preamplifier design, UHF, computer- 
aided 

K80OH p. 28, Oct 82 

TR-2500/2600 2-channel programming 
(HN) 

K9MLD p. 128, Oct 85 

VHF/UHF world: VHF/UHF receivers 


WlJR p. 42, Mar 84 

VHF/UHF world — low-noise GaAs FET 
technology 


WlJR 

p. 99, Dec 84 

VHF/UHF world 


WlJR 

p. 54, Nov 85 

Yaesu's latest VHF/UHF receiver, 

add general coverage 


W6MGI 

p 67. Oct 85 

2 -meter transverter 


W6HPH 

p. 24, Jan 82 

2 -meter weather converter 


WA3EEC 

p 87, Dec 83 

2304-MHz preamplifier, low-noise 

WA2GFP 

p. 12, Feb 83 


transmitters 

Amplifier, 2 meler, 40 watt 
WB4GCS p. 50, Oct 83 

Amplifier, 432-MHz, 1500-watt 
W2GN p. 40, Jul 85 

Low-noise phase-locked UHF VCO part 
1: the noise problem 
WA9HUV p. 33, Jul 86 

Short circuit p. 9, Dec 86 

Low-noise phase-locked UHF VCO part 
2: construction and testing 
WA9HUV p. 25, Aug 86 

Temperature control, automatic 
WB5IRI p. 75, Jun 85 

TR-2500/2600 2-channel programming 
(HN) 

K9MLD p 128, Oct 85 

VCO, 1800-2600 MHz 
W0DTV p. 21, Jul 85 

VHF/UHF world: medium power 
amplifiers 

WlJR p. 39, Aug 85 

VHF/UHF world: VHF/UHF exciters 
WlJR p. 84, Apr 84 

Short circuit p. 60, Oct 84 

Weaver modulation, 2-meter transmitter 
NlCOX p. 12, Jul 85 

6-meter amplifier 

W2GN p. 72, Apr 83 

Short circuit p. 97, Aug 83 
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■NEW 

products 


antenna polarity switcher 
model APS-1 

The APS 1 from Mirage is a self-contained 
control head designed to allow remote polarity 
switching of circular antennas such as the Mi¬ 
rage/ KLM range of crossed Yagis. 

The APS-1 may be powered by the power 
adapter (included) or may alternately be powered 
from a vehicle or other 13 to 17 volt dc source. 

In addition to switchable outputs for two an 
tennas, the APS-1 also contains a 6 to 13 volt 
regulated dc power supply. This feature is 
designed for powering items such as pro 
amplifiers and VHF/UHF converters, but may 
also be used whenever a low current, stabilized 
variable voltage source is required. 

Total output current is 500 mA with the ac 
transformer (included), 1 amp with optional high 
current transformer or external dc supply. 

For information, contact Mirage. P.O. Box 
1000, Morgan Hill, California 95037. 

Circle 1307 on Reader Service Card. 

new CTCSS encoder 

Kenwood has added a programmable CTCSS 
encoder to its Smallest HT'". The new BT Series 
accessory lets you access more "private line" 
machines with different PL tones. 

The introduction of the new BT-Series doesn't 
mean that the original Smallest HT™ will be dis¬ 
continued; users who don't need the CTCSS en¬ 
coder can choose the TH 216A Series without 
the front panel proc ammable tone encoder. 

The new BT Series retains all the same fea¬ 
tures and uses file same accessories as the origi¬ 
nal Smallest HT™ and adds a valued feature in 
the same "pocket portable package " 

For information, contact Trio Kenwood Com¬ 
munications, P.O. Box 7065, Compton, Califor 
nia 90224. 

new Ku-band satellite tv 
package 

Luxor has announced a new Ku band pack¬ 
age for viewers who want to receive both Ku 
band and C band satellite television program 
ming. The Luxor package consists of a Luxor 
9995 C/Ku Block Satellite Receiver, a new 1.2 
or 1.8-meter fiberglass antenna, choice ol 
mounts, a 9769 Ku-band Low Noise Block 
Downconverter (LNB), and dual mode signal 
feed, The LNB converts the 11.7 12.5 GHz hand 
to 950 1,750 MHz. the input frequency of Lux 
or block receivers. Its block signal conversion 
technology permits independent channel selec¬ 


tions on TV sets throughout home, building, or 
neighborhood while sharing one TV antenna. 

The 8003 1.2-meter dish and 8004 1.8 meter 
dish are available with fixed (azimuth elevation) 



mounts for commerical use or polar mounts for 
consumer use. 

The Luxor 9769 microwave head consists of 
the low noise pro amplifier, mixer, local oscilla¬ 
tor, and i f amplifier, combined in one unit to 
form the LNB This LNB (noise factor 2.5 dB 
maximum), together with the new Luxor 1.2 me¬ 
ter dish, gives an excellent picture on the new¬ 
er 12 GHz satellites. For reception al footprint 
edges where signal strength is weak, Luxor 
recommends its 1.8 meter dish. 

For details, contact Luxor North America Cor¬ 
poration, 600 108th Avenue N.E., Suite 539, 
Bellevue, Washington 98004. 

Circle 1306 on Reader Service Card. 

antenna current probe 

Antenna experimenters will find the new 
MFJ 206 antenna current probe to be a handy 
addition to their hamshack. Designed to detect 
magnetic fields around rf conductors such as an 
tennas, transmission lines, and ground leads, it 
can also be also used to detect electromagnetic 
radiation from wiring, enclosure shields, and oth¬ 
er objects. It can also be used as a field strength 
meter with the included telescoping antenna. 
The MFJ 206 is priced at $79.95. 

The relative strength of a magnetic field is de 
termined by the magnitude of the rf currents 
flowing through a conductor. To detect current 
distribution, you simply move the slotted end of 
the probe along the conductor at right angles. 
As current increases, you'll see a higher read 
ing on the probe's meter. 

For further information, contact MFJ Enter 
prises, Box 494, Mississippi State, Mississippi 
39762. 

Circle 1305 on Reader Service Card. 


SSB voice-activated 
squelch 

Naval Electronics announces a new commer¬ 
cial-grade voice-operated squelch (VOS) for 
upgrading solid state SSB receivers and (ran 
sceivers. 

Easily installed in most modern receivers and 
transceivers, the 11 pin module provides com 
mercial communications grade squelch opera 
Iron immune to noise, static crashes, lieter 
odyncs. and steady tones. The circuit incor 


porates a syllabic rate detector which provides 
for superior squelch operation, looks for signal 
changes similar to changes normally occurring 
in human speech, and uses the VOS to switch 
the speaker audio on. (An on/off switch is 
provided.) 

The VOS is most helpful where a single chan 
nel must be monitored continuously, reducing 
operator fatigue. 

For further information, contact Naval Elec¬ 
tronics Inc., 5417 Jetview Circle, Tampa, Flor¬ 
ida 33634. 

Circle 1310 on Reader Service Card. 

digital oscilloscope 
peripheral for pc's 

Rapid Systems has announced the release of 
the new "4x4," a digital oscilloscope peripheral 
for IBM PC, XT, and ATs and compatibles. This 
turn key, high-performance, 128K data buffer 
digital scope is the first serious instrument 
peripheral for PC's to offer simultaneous acqui¬ 
sition of four channels. It also offers the largest 
number of data buffers per channel in the mar¬ 
ket. Turn key digital scope software is provid¬ 
ed with unit. No programming is required. 

For information contact Rapid Systems. Inc. 
755 North Northlake Way, Seattle, Washington 
98103. 

Circle #304 on Reader Service Card. 

free update disks 

Free update discs are available to anyone who's 
bought RF Notes / (through Version 2.4), RF 
Notes 2 (through Version 2.4), or RF Notes 3, 
Volume 1 (through Version 1.5). 

For a free copy, simply return your original pro¬ 
gram disk to Etron RF Enterprises, P.O. Box4042, 
Diamond Bar. California 91765. 

Circle #303 on Reader Service Card. 

new DX Edge 5 ’ 

There’s a new DX Edge from Xantek - the 
Super DX Edge', the successor to the "Com 
puterized DX Edge." Available for the Commo¬ 
dore 64 and Commodore 128 computers and 
their associated disk drives, the Super DX Edge 
adds two significant features not found in earli¬ 
er versions: it calculates Maximum Usable Fre¬ 
quency (MUFI between any two locations and 
calculates Great Circle Bearings (antenna direc¬ 
tion) and distance between any two locations. 

The program calculates the MUF between any 
two points for any sunspot number or solar flux 
value, and also the great circle bearing between 
the points. The MUF is the frequency to use for 
most effective communications between any 
two points. Results are given for every hour of 
the day. 

The super DX Edge displays and automatically 
updates the position of the Gray Line to give a 
continuously accurate picture of the world's day¬ 
light and darkness areas. Sunrise and sunset 
times for any location and any time of year may 
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also be calculated and displayed. 

The DX Edge is used by DXers around the 
world to help determine the optimum times for 
long distance contacts. It is particularly helpful 
in determining the best times and bands for long 
path and Gray Line contacts. With the addition 
of the MuF and Great Circle Calculators, the Su¬ 
per DX Edge contains all the propagation aids 
that DXers need to plan their on-the-air activity. 

Available from Ham Radio's Bookstore or 
directly from Xantek, Super DX Edge is priced 
at $34.95. (Add $3.50 for shipping and handling 
if ordering from HR's Bookstore.I Owners of the 
Computerized DX EDGE can trade up to the Su¬ 
per DX EDGE for $24.95 plus their disk. 

For information, contact Xantek, Inc., P.0. 
Box 834, Madison Square Station, New York, 
New York 10159. 

Circle /302 on Reader Service Card. 

all-mode communicator 

The KAM m is a true all mode digital "smart" 
communicator available from Kantronics. A 
state-of-the-art radio modem that operates CW, 
RTTY, ASCII. AMTOR, or PACKET, KAM 



features over 100 software commands, bar 
graph tuning and user-programmable MARK 
arid SPACE tones for RTTY and hf packet. 
RS-232/TTL terminal interfacing, and limiter/ 
limiterless operation on Ilf for weak signal oper 
ation. In addition, the CW demodulator is 
programmable for both center frequency and 
bandwidth. In effect, you get a flexible, all-mode 
unit, with any shift including 170 Hz for RTTY 
without compromise. 

Like a packet unit, KAM operates with a com¬ 
mand mode and operating modes. You can 
choose RTTY or packet by command. In addi 
lion, you can set mark and space tones for RTTY 
or packet while in command mode for hf oper 
ation. Standard packet tones are used in the VHF 
mode. You'll need a terminal program to access 
KAM with you computer; any standard commu¬ 
nications program will do. 

KAM comes with a power adapter, an opera 
tor's manual, cables, and connectors; you pro 
vide the transceiver mic connectors and your 
computer's RS-232 connector. 

For details, contact Kantronics, 1202 E. 23 
Street, Lawrence. Kansas 66046. 

Circle #301 on Reader Service Card. 



1987 

CALLBOOKS 



The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Call books for 1987. 

The North American CaMbook lists the calls* 
names, and address information for licensed 
amateurs in all countries from Canada to 
Panama Including Greenland, Bermuda, and 
the Caribbean Islands plus Hawaii and the 
U.S. possessions. 

The international CaMbook lists the 
amateurs in countries outside North 
America. Coverage Includes South America, 
Europe, Africa. Asia, and the Pacific area. 

The 1987 Callbook Supplement is a new idea 
in Callbook updates; it lists the activity In 
both the North American and International 
Callbooks. Published June 1, 1987, this 
Supplement will Include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1, 1986, See your dealer or order 
now directly from the publisher. 


□ North American Calllbook 

Incl. shipping within USA $28.00 

Incl. shipping to lorelgn countries 30.00 

□ international Callbook 

incl. shipping within USA $28.00 

incl. shipping to foreign countries 30.00 

□ Callbook Supplement, published June 1st 

incl. shipping within USA $13.00 

incl. shipping to foreign countries 14.00 


SPECIAL OFFER 


□ Both N.A. & International Callbooks 
incl. shipping within USA $53.00 

incl. shipping to foreign countries 58.00 


Illinois residents please add 6‘/z% tax. 
All payments must be in U.S. funds. 


RADIO AMATEUR 

ca 


IILoolc 


INC. 



Dept. F 

925 Sherwood Dr., Box 247 
Lake Bluff, IL 60044, USA 


Tel: (312) 234-6600 



Crystal 
yr Filters 

YEAR-END CLEARANCE 



All starred (* ) Items 20% off; all others 10%. 
Prices are each except as noted. All filters B-pole. 
Sale ends December 31. 1986. 

FILTERS FOR KENWOOD • Rag. 160 except on noted. 
8.83MHz IF for models: TS120 through TS940 
Bandwidths: 250, 400. 1800. * 2100. 6000Hz 
TS440 * Pair (400 Hz CW. 2.1KHZ SSB) Reg.Sl20 
TS430 * Triple (Both above plus AM) . Reg. S180 

455 KHz IF lor R820, TS830/930/940 .Reg. S110 

Bandwldlhs available: CW 400HZ; SSB * 2.1 KHz 

Matched Filler Pairs for Above Reg. Si 70 pr. 

(8.83mhZ and 455KHz) SSB: ★ 2100Hz, CW: 400Hz 

3.395MHz IF lor TS520. TS511, R599. 

Bandwidths Available: 250, 400. * 1600. 2400Hz 
Filler Cascade Kits with Filter and Amplllier 
For * TS430 S85. * TS520 S80, * TS820 - Reg. S80 


FILTERS FOR YAESU . Reg S80 except aa noted. 
3.18MHz IF lor FT-101 Series except ZfD. 

BWs: 250, 500Hz. 1 8. * 2.1, * 2.4, * B.OKHz 
8.2 MHz IF lor FM02. FT-757/767 
Bandwidths Available * 250. 500. 2100Hz 
454KHz IF lor FT-102 {* 250. 500Hz) . Reg S75 
455KHZ IF lor FT-1021 * 2.1KHz) Reg. S110 

8.9MHz for FT-1012D/107/707/901-2. FT-980. 

BWs: 250. 500H2. 1.8. 2.1. * 2.4, 6.0KHZ 
10.76MHz IF lor all but 980: BWs: 18. * 2.1KHZ 
455 IF lor FT980 only: BW * 2.1KHz. Reg S110 
455.8 IF lor FT-980. FT726 BW* 500Hz Reg S75 
Filler Cascade Kils with Filter and Amplifier 
For * all 8.9 above except FT-980 .Reg S80 

9.0MHz IF lor Tempo I (or FT-200). FT-301. FT 7/B 
BWs * 250, 500Hz. 1 8. * 2.1. 2.4. 6 0KHz 
NOTE: Above are our "homobrnwers' favorites"! 

FILTERS FOR (COM (exact replacements) 

455 IF lor IC730/740f745/751 R70/71. elC. 

Bandwidths: FL44A(SSB * 2.4KHx).Reg, S110 

FL52A (500Hz); FL532 (250Hz) Reg. S85 ea 

FILTERS FOR HEATH ALL MODELS Reg. S65 
Bandwldlhs Available: 250. 400Hz * 1.8. 2.1KHz 
For SB-104 Only: * 400HZ (3395.7 IF) 

FILTERS FOR DRAKE R-4C Reg. S65 exc aa noted 
GUFl (8KHz) Replaces original 1st IF 4-pole unit 
GUF2 (800Hz) Swllches out GUFl in CW Rog. S100 

2nd IF 125 (S75), 250. 400Hz, 1,6. *2.1, 8KHz 

FILTERS FOR DRAKETR7/R7, etc.Rag. S85 

BWS Available: 250. 400Hz; * 1.8, * 2.1 KHz 


FILTERS FOR COLLINS 75S-3B/C * 250Hz Reg. S125 

LIMITED QUANTITIES « ORDER NOW! 

SPECIFY: Make and Model Number of your Rig 
Frequency and Bandwidth of flller(s) 
ORDER by Mall or Phone — VISA/MC or COO OK 
SHIPPING: S5 US and Canada. $12 elsewhere. 

GET THE BEST 8-POLE FILTERS - FOR LESS 

FOX-TANGO. Carp. 

Box 15944. W Palm Bch, FL 33418 
Telephone (3051 883 9587 


SOFTWARE FOR THE 
C-64* 


RF KIT 1.0 disk in¬ 
cludes over a 
dozen RF and DC 
formulas, pro¬ 
grams lor Beam 
Headings, Tower 
Stress Calc and Noon Meiidian to find 
True North. Also, instructions to add your 
own favorite formulas to the disk. Write 
for free data. Price $14.95 -t- 1.00 postage. 


RF KIT CO., P.O. Box 27m, Seattle WA 98125 USA 
Tel {206} 246-9522 ’Trademark of Commodore 
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NEMAL ELECTRONICS 


HARDLINE — 50 OHM 
Nemil No. Description P« Ft. 

LXAl? 1/2' Aluminum Black ticket 89 

FI.CI2 I/? Con Copper <tQ Helm* LOf4» BIN tkt l 59 

flC/8 7/8 Con Copper 3 92 

NMI2AI NConti I /2" Alum (Mateu« Female! 2200 

NM|?CC NConn 1/2 Copper (Male or female) 2200 

NM78CC NConn 2/8'Coppw (Male or female) 54 00 

COAXIALCABLES 

Nemil No Description JOOFI. Per FI, 

1100 RG 8 95% Shielded Mil Spec 28 00 32 

110? 8G8 95% Shielded foam 30 00 32 

1110 RG8X 95% ShreliHm.ru 8) OO U 

1130 RG213/U Mil Spec %% Shield 34 00 36 

1140 RG214/U Mit Spec Dbl Silver 155 00 165 

1180 Belrten 9913lo* low 46 00 50 

1205 RGI42B/U lellon/SrUer 14000 ISO 

1310 RG2I2/U 5/8' 50 onm Obi Shield go 00 85 

14 /0 RG223/U Mil Spec Obi Silver go 00 55 

1450 RG1/4 95% Shielded Mil Spec |j 00 14 

ROTOR CABLE —8 COND. 

Ncntil No. Oescitplron 100 Ft. Per Ft. 

8CI822 2 18 Ga 6 22 Ga 19 00 21 

8C1620 2 16 Ga 6 20 Ga Heavy Uut> 34 00 36 

• Shipping $3 00 - 100 ft / Conn S3 00 / C 0 D J2 00 


CONNECTORS - MADE IN U.S.A. 
Namal No. Description Eli 

Nf.720 Ijpe N Im Belden 9913 4 1 

N1723 N female Belden 9913 4, 

PL258AM Amphenol Barrel I ‘ 

PI.259 Standard Plug lor RGB 213 10/590 or 1 

PL259AM Amphenol PI259 I0//90or 1 

PL259IS PI259 teflon/Silver 1! 

UG2ID Ijpe N for RG8 213 214 3( 

UG83B H female 10 PL259 6! 

UG88C HNC Rf.58 1 1 

UG J46 S0239 to Male N 6! 

UG125/6 Adapts lor RG58/59 up««»> 1 10/2 00 or 1 

UG2S5 54)239 to BNC Amphenol 3 

KA5M8 INCRG5S 4. 

AM9501 I SMARG142B 8 ! 

S0239AM Amphenol 5U239 I 

GROUNDSTRAP —BRAID 

Nemil Nol Description Pe 

GS3B 3/8 Tinned Copper 

GSI? 1/2 tinned Copper 

GS3I6 .1/16 lmned Ctippei 

GS3I6S i/16 Silver Plated 

GROUND WIRE - STRANDED 

Nemil No. Description Pei 

HW06 6Ga inwiated wander) 


Call 01 write lor complete price list. Nemal’s 32-page Cable & Connector Selection Guide 
is available at no charge with orders of $50.00 or more, or at a cost ol $4.00 individually. 


NEMAL ELECTRONICS, INC. 

12240 N.E. 14 Ave., No. Miami, FL 33161 e- 120 


(305) 893—3924 • Telex 6975377 
24-Hr. FAX (305) 895—8178 


rMULTI-BAND SLOPERST 

_ ALS O: DIPOL E S A MMItEP - SPACE ANTENNAS 
Ouuiluidino 0«rtorrn*ne a of WSlMM •niemn "« well known; Now on- 
|ttv mulub*nO BIG-SIGNAI. iopo*Ut Automatic taroittwlichtoo ‘ Varv 
low Swn-Co«i Inod.aVw powor ’ Cnmbuci • rjJl.LT A S RC MU LE D 
to your MHtalilad ceMot ItoquentyaACh band • E»»V to •ri'tUII" ¥»ti r 
low oiolll* • Complfllo lAtliueilani .Toui po»*o»u*l ciuick eccoiilod 
4 BAND SCO PER - iSC 80. JO$~ o» 2 DM ~fiO ll long S 4B uprl 

3 . 160,80, 4DM 60 11 - S 43 •• 

..UO.40M 40 It •* 4 & - 

3 •* MO-IHAf* DIPOLE 160. HQ. 40M tUJU tana f 71 

2 . 80, 40M M-ll *• i 5S *• 

9 BAND 8PACE-SAVCHDlPOlC-MlOifiMiiOM # 1 85 «kI 

M\oq»ilro» wWn,r*no<* twxu (80, 40. 20, ISM without tor mrl_ 

SENOSAfiE ioi"compta i odoteili ot I hat# nrwl or hat unlqoo Antonnav 
171 W«MNN ANTENNAS 312394 3414 

1 ,£ 1 BOX 393-H MI. PROSPECT, IL 6O0S6 


r 1986-87 CALL DIRECTORY 

(orr micrulichir) 

Call Difociory 
Name Index 
Geographic Index 

AH three — $20 
Shipping per order $3 »''' 

BUCKMASTER PUBLISHING 

Mineral, Virginia 23117 
V 703-894-5777 


'Impressively 
Way ahead... 
IRCNRD 525. 


Receiver. 
Best buy." r. uchte 
, , $1179 (+ $9 s&h) 



ratesTnu 


owntoofferthilyqiialityperfnrrnShce 
• Microprocessor controlled tuning, mode 
select, triple scanning, merhoiy and clock 
functions 


• Piogramiiiable dpck/timer 

• Sensitivity: (lb dB S/NI .09.1.6 MHz, fCTTY, FAX, CW> 
II SSI5: S pV; AM 15 pV. 1.6-34 MHz, RTTY, FAX, , 

CV^SSli^VVj’AWV^. ‘ - 

• W • Selectivity: ( 6 dB) Aux. 12 kHz or more, Wide 4 

7“"' !S , kHt , ° 21999 MHZ , • „ kHz, Inter 2 kHz, narrow I kHz. 

• LCD display of frequency and signal meter # wiom:CNK ^ vHF 

• Computer mterface for easy use Converter CMH-S30, RTTY Demodulator CMH-S32, 

• Keyboard frequency entry Computer Interlace. ST-3, Headphones NVA-88, 

• 12 internal memories External speaker filters; 300 Hz, 500 Hz, and1 kHz 

• Noise blanker ... . .;. - 

• ‘snnplrh mr ‘SSfk&Zr For Technical Review of the 525 

• Passband tuning JMiPT ---^ R ^"^r Lich.c Send $3.00- 

GILFER SHORTWAVE 

52 Park Ave. • Park Ridge, NJ 07656 • Ph 201/391-7887 


mT/H 


products 

"talking" DTMF 
remote control 

The Model 5001 DTMF Remote Control from 
Monroe Electronics answers DTMF coded in¬ 
quiries and generates alarm reports in English us¬ 
ing synthesized speech. The device monitors 16 
on-off type logic inputs and controls 16 outputs 
through built-in Form C relays. Communication 
with the unit is by means of dual tone multiple- 
frequency (DTMF) signals from any touclvtone 
telephone or over any other voiceband link 
equipped with a touch-lone keypad. 



The Model 5001 controls its output relays as 
instructed, and reports the state of its logic in 
puts when queried by the user. It will generate 
an alarm report spontaneously when designat¬ 
ed inputs change state, autodialing one of two 
preprogrammed telephone numbers or transmit 
ting via two- or four-wire audio ports. User 
selectable protocols lor status reporting include 
synthesized speech. DTMF tone strings, DTMF 
tones, and single tone signals. 

The 5001 accepts instructions via the public, 
switched telephone network. It answers after a 
user-designated number of rings, and hangs up 
automatically after a selectable period of inac¬ 
tivity. Relays may be programmed for a variety 
of configurations. Applications include repeat¬ 
er and satellite uplink/downlink control. 

For information, contact Monroe Electronics. 
Inc.. 100 Housel Avenue, Dept. 555, Lyndon- 
ville, New York 14098. 

Circle 7308 on Reader Service Card. 

prime factor FFT 

Alligator Transforms has announced the re¬ 
lease of Prime Factor FFT, a Fast Fourier Trans¬ 
form Subroutine Library usable with the IBM PC, 
XT. AT, and Compatibles equipped with an 8087 
math coprocessor. The library includes the tor- 
ward and inverse FFT for single and double pre¬ 
cision floating point complex number sets. 

Prime Factor FFT may be called from any high- 
level language including Turbo Pascal. Fortran. 
BASIC, C, or Assembly Language. Interface ex- 
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amples ate ptovitlod in all languages with exten 
sive documentation on how to use Fast Fourier 
Transforms in your application. 

With Prime Factor FFT, the user is not limit 
etl to radix two data set sizes. You may perform 
frequency analysis on data set sizes as small as 
two dale points ft) as large as 65,520 data points. 
Choose from over 300 data set sizes 
Prime Factor FFT fully utilizes the 8087 matt) 
coprocessor lo complete calculations quickly. A 
1008-point double precision floating point com 
plex forward FFT will complete in 2.428 seconds 
Larger data sets execute quickly as well with a 
similar 32,760 tlata point set FFT completion in 
133.863 seconds, Pncedal $159.00 each. Prime 
Fat-tor FFT is extremely accurate, with typical 
error leyels as low as 3.3307e 16 in double pie 
piston. 

For information, contact Alligator Transforms 
Scientific Software, P.O. Box 11386. Costa 
Mesa. California 92627 
Circlu /309 on Reader Service Card 



Performance 
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ICOM IC-/t2AT 
2-meter handheld 

ICOM has announced the release of its 
pocket*si 2 ed 2*meter handheld, the IC //2AT. 
The "Micro" receives from 139 to 174 MH* and 
transmits from 140 to 150 MH/, has ten memories 
which will store offset and tone, an LCD readout 
on the top panel, scanning, 1 W power output 
(with 1.5W optional), and 32 built in subaudi 



bio tones. It measures only 2.3 * 5.6 * I I 
inches and weighs only half a pound. 

Foi details, contact ICOM America Inc., 2380 
116th Avenue NT:., Bellevue, Washington 
98009 9029 


Circle /311 on Header Service Card 


Freq. 1 dB 


Receive 

Range 

N.F. 

Gain 

Comp. 

Device 


Only 

KM Hr) 

(dB) 

(dB) 

|dBm) 

Typo 

Price 

P28VD 

20-30 

< 1.1 

15 

0 

DGFET 

S29.95 

P50VD 

50-54 

< 1.3 

15 

0 

DGFET 

S29.95 

P50VDG 

50-54 

<0.5 

24 

•f 12 

GaAsFET 

$79,95 

P144VD 

144-148 

<1.5 

15 

0 

DGFET 

$29.95 

P144VDA 

144-140 

<1.0 

15 

0 

DGFET 

$37.95 

P144VDG 

144-148 

<0.5 

24 

+ 12 

GaAsFET 

$79.95 

P220VD 

220-225 

< 1.8 

15 

0 

DGFET 

$29.95 

P220VOA 

220-225 

<1.2 

15 

0 

DGFET 

$37.95 

P220VDG 

220-225 

<0.5 

20 

+ 12 

GaAsFET 

$79.95 

P432VD 

420-450 

<1.8 

15 

-20 

Bipolar 

$32.95 

P432VDA 

420-450 

<1.1 

17 

-20 

Bipolar 

$49.95 

P432VDG 

4 20-450 

<0.5 

16 

-4- 12 

GaAsFET 

$79.95 

Inline (rt switched!) 






SP20VD 

20-30 

< 1.2 

15 

0 

DGFET 

$59.95 

SP50VD 

50-54 

<1.4 

15 

0 

DGFET 

$59.95 

SP50VDG 

50-54 

<0.55 

24 

+ 12 

GaAsFET 

$109.95 

SP144VD 

144-140 

< 1.6 

15 

0 

DGFET 

$59.95 

SP144VDA 

144-140 

<1.1 

15 

0 

DGFET 

S67.95 

SP144VOG 

144-140 

<0.55 

24 

4 12 

GaAsFET 

$109.95 

SP220VO 

220-225 

< 1.9 

15 

0 

DGFET 

$59.95 

SP220VDA 

220-225 

< 1.3 

15 

0 

DGFET 

$67 95 

SP220VDG 

220-225 

<0.55 

20 

+ 12 

GaAsFET 

$109.95 

SP432VD 

420-450 

< 1.9 

15 

-20 

Bipolar 

S62.95 

SP432VDA 

420 450 

< 1.2 

17 

-20 

Bipolar 

GaAsFET 

$79.90 

SP432VDG 

420-450 

< 0.55 

16 

+ 12 

$109.95 


Every proompllfler Is precision allgnod on ARR'a Hewlett Packard HP897OA/HP340A state-of-the-erl noise llgure 
molar. RX only preampllllera are tor rocolvo applications only, Inllno preamplifiers are rf switched (for use 
with transceivers) and handle 25 watts transmitter power. Mount Inline preamplifiers between transceiver 
and power ampllllei tor high power applications. Other amateur, commercial and special preamplifiers available 

In the H000 MHz range. Please Include $2 shipping In 
I g U.S. and Canada. Connecticut residents ado 7* Vt% 

lid VCkHCCu soles tax. C.O.D. orders add $2. Air mall to lorolgn coun- 

BB 2 * ,rles add 10% - 0rdor your ARR Rx on|y or ,nlinB 
Receiver proemplltler today and start hearing like never before! 

124 Research 

Box 1242 • Burlington, CT 06013 • 203 582-9409 EH SB 


UP YOURERP 


^ 1 MAGNET MOUNTS 

I For FIT owners operating Inside a vehicle and want- 

I Ing Increased T/R range, RF PRODUCTS has the low 
i / cost solution. 

/ Remove your BNC antenna from Ihe HT and mount 

' / on the RF PRODUCTS BNC magnet mount. Install the 

f magnet mount on the roof top and connect Ihe BNC 

co-ax connector. 

The magnet mount (part no. 199-445) has 10 feel ot 
£ small (5/32 T co-ax with BNC conector attached 

PRICE $15.95 M O or cashiers ck„ via UPS gnd Fla 
residents add 5% tax, lor air UPS add $3.25 

The RF PRODUCTS Magnet Mounts are one ol Ihe lew mounts available that can be repaired 
should Ihe co-ax cable be damaged. The large surface area capacitance disc provides proper 
ground plane coupling for 1/4 and 5/8 wavelength VHF and UHF antennas. 

MODELS AVAILABLE WITH THE FOLLOWING CONNECTORS 8 CO-AX TYPES. 

ANTENNA CONNECTORS: BNC, TNC. 1 1/8' (MOT ), 5/16-24 STUD. 3/8-24 SOCKET. 

CO-AX CABLE: RG-122/U, RG-58A/U, mini 8X. , 25 

TRANSCEIVER CONNECTORS: BNC, TNC, PL-259, type N 




flea*i —t 
market 


RATES Noncommercial ads 104 per word; 
commercial ads 604 per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typew.itten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048 


PACKET PROGRAM FOR YOUR PC. A telecommunications 
program especially written to interface your packet controller 
with your PC or compatible. Features Split-Screens, ASCII, Bi¬ 
nary, X-Modem file transfers. DOS shell. Macro Keys. 5 types 
rime/date/oper. ID. Lots of goodies. Software support. Write 
for complete information. VISA/MC. Kaltand Associates, 2440 
E. Tudor Rd, Suite #138, Anchorage, AK 99507. (907) 248-0133. 


REMEMBER TROLLEY CARS? Trolley Treasures: "The War 
time Years in New Jersey”, a 4-volume photodocumentary his¬ 
tory, includes 1600 unpublished, original photographs plus 
extensive historical notes. Volume I, "The Compromise Roof 
Cars of Public Service Coordinated Transport”, ready now. For 
details, send SASE to Trolley Themes, A.W. Mankoff, 2237-3 
Woodside Lane, Sacramento, CA 95825. Or order directly from 
publisher ($12.95 plus $1.50 S&H): Railhead Publications, PO 
Box 526HR, Canton, Ohio 44701. 

NATIONAL COLLECTORS: National HFS rcvr, all original 
tubes, coils and power supply. Very good condition. Make of¬ 
fer. Ray Nether, W3KFB, 184 McClure road. RD 2 Cheswick, 
PA 15024. 


power supply $15. AH work. All tor §100. Shipping extra. Victor 
Smith, 147-29 Hoover Avenue, Briarwood, NY 11435. 


S$$$$SUPER SAVINGS on electronic parts, components, sup¬ 
plies and computer accessories. Free 40-page catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Box 830119, Richard¬ 
son, TX 75083 or call (214) 690-1102. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C Et D Electronics, PO Box 
1402, Dept. HR, Hope, AR 71801 


YAESU OWNERS: Hundreds of modifications and improve¬ 
ments for your rig. Select the best from fourteen years of gen¬ 
uine top-rated Fox-Tango Newsletters by using our new 32-page 
Cumulative Index. Only $5 postpaid leash or check) with $4 Re¬ 
bate Certificate creditable toward Newsletter purchases. Includes 
famous Fox-Tango Filter and Accessories Lists. Milt Lowens, 
N4ML (Editor). Box 15944, W. Palm Beach, FL 33416. Telephone 
(305) 683-9587. 

R-390A Receiver $195 checked; $115 reparable. Parts, tubes, 
sections. Info SASE. CPRC-26 six meter transceiver (see HR, 
March 19851 $17.50 apiece. $32.50 pair (add $4.50/unit ship¬ 
ping). Baytronics, Box 591, Sandusky, OH 44870. 419-627 0460 
evenings. 

MARCO: Medical Amateur Radio Council, Ltd. operates daily 
and Sunday nets. Medically oriented Amateurs (physicians, den¬ 
tists, veterinarians, nurses, physiotherapists, lab technicians, 
etc.) invited to join. Presently over 550 members. For informa 
tion write MARCO, Box 73's, Acme, PA 15610. 

IBM-PC RTTY/CW. New CompRtty II is the complete 
RTTY/CW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII, BAUDOT. CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskeopy, break-in buffer, se¬ 
lect calling, text file transfer, customizable full screen logging, 
24 programmable 1000 character messages. Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS-232C TU $65. Send call letters (including MARS) with or 
der. David A. Rice, KC2HO, 25 Village View Bluff, Ballston Lake, 
NY 12019- 

ELECTRONIC ENCLOSURES: Attractive, reasonably priced. 
Aluminum top and sides. Walnut stained solid wood ends. Va¬ 
riety of sizes and custom sizes available. Sample $5.00 Infor¬ 
mation free. Energy Engineering. Custom Division, Rt. 4, Box 
330, Fayetteville, AR 72701. 

NATIONAL RADIO EQUIPMENT manual list or NCL 2000 parts 
kits. SASE. Maximilian Fuchs, 11 Plymouth Lane, Swampscott, 
MA 01907. 

RTTY JOURNAL— Now in our 34th year. Join the circle of 
RTTY friends from all over the world. Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15.00. Send to: RTTY JOUR¬ 
NAL, 9085 La Casita Ave., Fountain Valley, CA 92708. 

IMRA International Mission Radio Association helps mission¬ 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2 3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 90224 (213) 774 1255. 


1296 MHz POWER AMPLIFIERS. 6 W Kit $80.65 $3 50 s/h. 
20 W Kit —$112.15 -$3.50 s/h For info SASE to A & A En¬ 
gineering, 2521 W. La Palma, -K, Anaheim, CA 92801. (714) 
952 2114. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 


UHF PARTS. GaAs Fets, MMICs, trimmers, chip caps, teflon 
peb, and other builder parts. SASE brings list. Microwave Com¬ 
ponents, 11216 Cape Cod, Taylor, MI 48180 

SHOW IT IN STYLE. Full color QSL’s by Smith Printing. From 
your prints/slides. Sample packet. SASE. 20420 Calhaven Drive, 
Saugus, CA 91350. (8051 251 7211. 

LOOKING FOR the following equipment not modified: ARC 
4 TBY APS13- BC645 or other items used in aviation in the 
years 1939-45. GiuJiano Vigarani, I4VGG. 

WORLDWIDE AIR TRAFFIC CONTROL Frequency Directory 
for 2 22 MHz shortwave aeronautical bands. Hear commercial 
airliners on oceanic and many foreign domestic routes. Cross 
referenced lists include over 200 cities plus weather and airline 
channels. Send $4.75 (Mass residents add 5%) 4 $1.25 P&H 
($2.25 outside N. America) to Cambridge Airadio, Dept HR A. 
Suite 486. 89 Mass. Avenue, Boston, MA 02115. 

BUG COLLECTORS: Original Bunnell Gold Bug, S/N 715. Also 
have Bunnell-Martin Flash Key, Type No. 5-46. Make offer. Ray 
Nether, W3KFB, 184 McClure Road, RD 2, Cheswick, PA 15024. 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog 
Walter. 2697 Nickel, San Pablo, CA 94806. 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith — - Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Master 
card, VISA, COD accepted.Free Catalog - call (800) 345-8927 
only Pacific Cable Co.. Inc., 7325-1/2 Reseda Blvd.#1019. Rese¬ 
da, CA 91335. (818) 716-5914. 

WANTED: Heath ET 100. Call 913 898 46%. Mike W0XM. 

MORSE CODE Practice program for IBM-PC and Compatibles. 
Send $19.95 check to SP Microcomputing Co., 1008 Swallow 
Drive, Cherry Hill, NJ 08003. Developed by KD2SM. 

CHASSIS and cabinet kits. SASE K3IWK, 5120 Harmony Grove 
Road, Dover, PA 17315. 

COMING EVENTS 

Activities — “Places to go . . .” 


TRS80 4P/KANTRONICS UTU RTTY. Split-screen, 10 user 
keys, file transfer. Runs in Mod 4 (80 char) mode, $30 to COM- 
MPRO RTTY, c/o KB6IC, 371) Gayle Avenue, Omaha, NE 
68123. 

SPECIAL ANTENNAS by K3IPW featuring the RIW 19 432 
MHz beam, 14.9 dBd for $69.95 and the K1FO 22 el. 14 ft. 432 
MHz beam, 15.8 dBd for $76.64, SASE for information. Tho 
mas H. Rutland, 1703 Warren St, New Cumberland, PA 17070. 

GENERAL RADIO TEST EQUIPMENT 12118 unit oscillator 
0.5 to 50 MHz $35. Two 1209B unit oscillators 250 to 920 MHz 
$30 each. 1201B regulated unit power supply $20. 1203B unit 


CALIFORNIA:FCC exams. Novice-Extra. Sunnyvale VEC ARC. 
(408) 255-9000 24 hour. 73, Gordon, W6NLG, VEC 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the MIT Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday, December 17, 7 PM, MIT Room 
1-134, 77 Mass Avenue, Cambridge MA. Reservations request 
ed 2 days in advance. Contact Ron Hoffmann (617) 
253-0160/646-1641 or Craige Rodgers (617) 494-1986. Exam fee 
$4.25. Bring copy of current license (if any), two forms of pic¬ 
ture ID and completed form 610 available from FCC in Boston 
(2236609) 


PENNSYLVANIA: Amateur Radio Brunch. The Chaverim of 
Delaware Valley will hold their 7th annual brunch, Sunday, Janu¬ 
ary 18, Parktowne Place Apartment Complex, 2200 Benjamin 
Franklin Parkway, Philadelphia at 10 AM. Everyone invited. Con¬ 
tact Bill Soble, W3QXT (215) 676-6769 or write to 9357 Hoff 
Street, Philadelphia, PA 19115. Reservations are necessary. 


WISCONSIN: The 15th annual Midwinter Swapfest. sponsored 
by the West Allis Radio Amateur Club, Saturday, January 10, 
Waukesha County Expo Center Forum, 8 AM to3 PM. Admis¬ 
sion $2.00 advance, $3.00 at the door. 4' tables $3.00 advance, 
$4.00 at the door. Elec, outlet $5.00. Advance deadline Janu 
ary 2, 1987. Dealers welcome. Amateur exams given, write for 
details. For tickets or information write WARAC Swapfest, PO 
Box 1072, Milwaukee, Wl 53201. Please SASE. 

OPERATING EVENTS 

“Things to do . . 

December 6: The University of Idaho ARC, W7UQ, will hold 
its 2nd annual Alumni Reunion on the Air, 2000Z, December 
6 to 0400Z December 7. All Amateurs, especially U of I a/umni. 
are invited to participate. Listen for "CQ Reunion”. QSL availa¬ 
ble by sending SASE via callbook address For more informa¬ 
tion contact W7UQ. 

December 6-7: 22nd Annual Pioneer Radio QSO Party spon¬ 
sored by the John D. Burlie Chapter No. 89. For further mfor 
mation Ted Phelps. W8TP. 

Feb 1-2: YL-ISSB QSO Parties. CW 0001Z to 2359Z. Phone 
0001Z March 21 to 2359Z March 22. Open to all. U.S. General 
Class portions of bands. Exchange call, report, QTH. name, ISSB 
number and partner or teammate. Certificates to category, coun- 
try/state winners. For information: Bill Early, WA9AEA, PO Box 
401, McHenry, IL 60050-0401, USA. 


SOUTH BEND, INDIANA Hamfest Swap (t Shop. January 4, 
1987, first Sunday after New Year’s Day, Century Center down 
town on US 33 Oneway North between St. Joseph Bank Bldg 
and river. Four lane highways to door from all directions. Tabl;es: 
$5/5 ft. Round: $10/8x2.5. Rectangular: $2/ft. wall locations. 
Talk in freq: 52 52. 99-39, 93 33. 69 09. 145.29. K9IXU (219) 
233 5307. 


Oecember 12-14: Christmas, Florida. The Coronado Wire 
less Assn, will operate K4HML from 1400Z to 220Z, lower 10 
kes of General bands, phone and CW. Send QSL and No. 10 
SASE to K4HML, PO Box 1. Edgewater, FL 32032. 


December 20-21: Christmas City Station Members of the 
Delaware-Lehigh ARC will run this special event station, W30K, 
1600 UTC to 2200 UTC. Contact the station and send QSL and 
No. 10 SASE to W30K, Delaware-Lehigh ARC, Greystone Build 
ing, Nazareth, PA 18064. 

December 13-14: Bethlehem, IN. Clark County ARC will oper¬ 
ate W9WWI/9 from 1700Z to 0300Z December 13 and 1300Z 
to 2000Z December 14. Certificate for large SASE via CCARC, 
Box 532, Jeffersonville, IN 47131. 


7 MILLION TUBES 



FREE CATALOG 


Includes all Current, Obsolete, An¬ 
tique, HardTo-Find Receiving, 
Broadcast, Industrial, Radio/TV 
types LOWEST PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
P.0. Box 213 

Elizabeth, NJ 07206 " 118 
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